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PREFACfe. 



^ J. HE following compilation originated in the beliei 

that our schools are in want of a treatise on surveying, 
adapted to the methods practised in this t^ountry, and 

^^ freed from the defects of the systems now in use. 

• I Notwithstanding the importance of the science^ and 

^^ the large taomber that make it an object of study, H 

'^ is believed we are not in possession of a treatise on 

:r:: this subject^ suited to the wants of the student. The 

works of Gibson and Jess are the only ones at present 
in general use ; the former, though much the better oj 
the twoy is deficient in many respects. It may be suffi- 
cient here^ merely to advert to its want of examples^ 
which renders it entirely unsuitable for a school book. 
From the latter^ the student would in vain expect tc 
become acquainted with the principles of the science^ 
or the rationale of any of the rules^ necessary in per- 
forming the various calculations.^ 

* Each of these works has lately gone throag-h a new edition, in which 
considerable additions are stated to have been made. On eiLaminatioi^ 
however, it does not appear, that those additions are such as to supply 
the deficiences. 

The additions made to Gibson, consist principally of some nautical prob* 
lems, qi|ite foreign to a treatise on >Sjiryeyin'g. Those made to Jesa, eon* 
sist of « f&if extracts ftom Gibson, in one of ^^hich the Pennsylvania method 
of calculation is introduced, as being quite different from that g^ven by 
Jess ; whereas it is well known to be the method given by that author, aad 
^ used, as well in th« precedingi as in the Btthseqiient part of his work. 
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to make himself well acquainted witb Greometry^ and^ 
also with Algebra, previous to entering 06 the study 
of Surveying. Furnished with these useful auxilia- 
ries^ and acquainted with the principles of the science^ 
the practitioner will be able to perform with ease^ any 
thing likely to occur in his practice, ^ 

The compiler thinks proper to acknowledge, that 
in the arrangement of the work, he availed himself 
of the advice of his learned preceptor and friend 
£. Lewis, of New-Garden ; and that several of the 
demonstrations were furnished by him. 
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OF LOGARTTHMS. 



■^^^^BB5ST^^^5i»»BSTB55B5»S3B 



JLiOGAititliMS are a series of nuiEbets $o contrived, that 
by them the work of multiplication is performed by addi- 
tion^ and that of division by si;ibtractioni 



, * 



%i a series of nambers in' arithmetical progression be 
placed as indices^ or exponents^ to a series of numbers 
in geometrical progression, the sum or difference of any 
two of this former, will answer to the product or quotient 
of the two corresponding terms of the latter* Thus, 

0« 1.' S. 3. 4i. d. 6. 7* &e- arith. series, or indices* 
1. 8* 4. 8. 16. 33. 64. iS8. &e. geom. series. 

Now a + 3« 5. also 7 — 3"* 4. 

And 4x8 -33. And 1S8 -i- 8 -16. 

Therefore the arithmetical series, or indices, have the 
same properties as logarithms ; and diese properties hold 
true^ whatever may be the ratio of the geometrical series. 

There may, therefore, be as many different systems of 
logarithms, as there can be taken different geometrical 
series, having unity for the first term. But the most con- 
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The method df ftuding k^ariffattis vtt the taMe«, ana 
^ BtttUtplyiDg, dBvidingj &e. by t|iea k cMtaiited hi 
the following problems. 

I>R0BLEM I. 

To find the logarithm of a given- number. 

If tU^ given number consist of one o:r two figures only^ 
fifid it in th6 eolumn masrked JV*o. in tbe first page of the 
table, and against it in the next <^olumn, marked log. is 
the logarithm. I'hns the log. of 7 will be found 0.^10; 
and the log. 6f S5 Veill be found 1.9S94S. 

But if the given numbef be^ either wbolly w in pai^t^ 
decimal, the index must be changed accordingly. Ob- 
serving thut the index must always be one lesd, than the 
number of figures in the integral part of the given num- 
ber; also^ when the given number is wholly a decimal^ 
t|ie indexr is negative, and must be one more than the 
number of the cyphers between the decimal point and 
first signlftisant figure on the left hand. Thus the log« 
of .7 is —1.84910, and the log. of .0085 is — 3.9S94S. 

If the given number consist of ihree figiliie^ find it in 
one of the other pages of the table^ in the coluxiiiteark$4 
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JV*o. and against it, in the next colnmn^ is the decimal 
part of the logarithm. The index must be placed before it 
agreeably to the above observation. Thas the log. of 
4&i is S.6a4iS8, the log. of 4.S1 b 0.694S8, and the log. 
of .0431 is^S.6S4jS8. 



If the given number consist of four fi^res^ find tho 
three left hand ones in the- column marked J^To. as before^ 
and the remaining or right hand figure at the top of the 
table; in the column under this figure, and against the 
other three, is the decimal part of the logarithm. Thus 
the log, of 5t6? is 3,71290, a^4 the log. of .6387 is 
—1.80630. 

If the given number consist of jl^e or six figures, find 
the logarithm of the four left hand figures as before ; then 
take the difference between this logarithm and the next 
greater in the table. Multiply tins difference by the re- 
maining %i}r^ or figures of the given number, and cut 
pff one or two figures to the right hand of the product, 
ficcordiag as the multiplier consists of one or two figures; 
then adfl the remaining figure o^ figures of the product 
to the logarithm first taken out qf the table^ and the sun^ 
will be the logarithm required. Thus, let it be required 
to find the Iqgarltlim of 69686; then, 
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Logarithm qf 5968 is 
The next greater log. 49 

Difference 
Remaining figure 

Product -< 

To - . - 
Add . . 

Pecimal part of the log. 



77583 

77S9a 

7 
6 

k 

77383- 

77587 
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ThiB natural number consisting of five integers, the in- 
dex must be 4; therefore the log. of 59686 is 4.77987« 

Again, let it be required to find the log. of .0131759; 
then, 

JiOgarithm of 1317 IB - 11959 
The next greater log* is - 11991 

Bifference .... 3S 

Remaining figures - - 50 

l^roduct - - - 17>60 

To .... 11959 
Add • - ' . - 18* 



Decimal part of the log. ' 11977 

As the ^ven number i» a decimal, and has one cipher 
between the decimal point and first significant figure^ 
the index must be r^%\ therefore the log. of ,0131755 is 
r-S4197r. 



1. Required the log. of 

S. Required the log. of 

3. Required the log. of 

4. Required the log. of 

5. Required the log. of 

6. Required the log. of 
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-d.44S03 



* Because 17.6 19 nearer 18 tbsm 17. 
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To find the natif.ral number corre^paniing to a given 

logarithm. 

If four figures enly be required in tke answer^ look 
in the table for the decimal part of the glven^ logarithm, 
and if it cannot be found exactly^ take the one nearest 
to it^ whether greater or less ; then the three figures ia 
the first column^ marked JV*0. which are in a line with 
the logarithm ^ found, together with the figure at the top 
of the table directly above it, will form the number re- 
quired. Observing, that when the index of the given lo- 
garithm is affirmative, the integers in the number found 
must be one more than the number expressed by the in* 
dex ; but when the index of the gjvea tegarithtn is nega- 
tive, the number found will be wholly a decimal, and 
m«st have one ciphet les» placed between the dteeimal 
point and first significaiit figuire on the left hand, tbmi th6 
number expressed by tlie index. Thns the ngtanl num* 
her corresponding to the logarithm S.90S38 i8>798.0f the 
natural number corresponding to the logarithm 8.77095 
is 5896, and the natural ttumber corresponding to the 
logarithm —3.36361 is .0023i. 

If the exact logarithm be found in die tabk^r «Bd thn 
figures in the number eorresponding do not exeoed- th« 
index by ouie, annex ciphers to the right hand till they 
do. Thus the natural nnarimr cocrespending to the liga* 
pHhm 0i64O6d is 437300Q. 

If six figures be required in the answer, find, in the 
table, the logarithm next less than the given one, and 
take out the four figures answering to it as before. Bub* 
tract this logarithm from the next greater in the table, 
and also from the given one ; divide the latter difference, 
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Mrith two ciphers annexed to it^ by tlie former ; annex 
thei quotient to the right hand of the four figures already 
founds and it will give the natural number required. 
Thus^ let it be required to find the natural number cor- 
responding to the logarithm 4.59859 J then, 

V 

Given logarithm - .59859 « 

Next less - - 59857, the natural number an- 

swering to it is 3968. 

Bifi". with two ciphers annexed SOO 

Next less log. - 5985? 
Next greater - 59808 

Diif. - - , 11 

Divide SOO by 11, and the quotient will be 18, whieb 
annexed to the right hand of 3968, the four figures alrea- 
dy found, mi^es 396818 ; therefore a9 the index is 4, the 
required natural number is 39681.8. 

SXAkPLES. 

1. Required the natural nttmher answering to the lo^ 
garithm 1.88080. Ans. 75.91. 

2. Required the natural number answering to the lo- 
garithm 5.37081. Ans, 234861. 

3. Required the natural number answering to the Id* 
garithm 3.11977- Ans. 1317.56. 

4. Required the natural number answering to the lo^ 
garithm -2.W43du Ans. .094265. 

PROBLEM in. 

To multiply numher»p hy mecniB of logarithms. 

Cas£ l.^^When all the faetors are whole » nixeA 
numbers. 
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RULE. * 

Add together the logarithms of the &ctor8> and thei 
num will be the logarithm of the product. 

feXAMFLES. 

1. Required the prodact of 84 by 56. 

Logarithm of 84< is . 1.934S8 
do of 56 is . i.748t9 



Prodact 4704 - Sam 3.67;347 ' 

2. Required the continaed product of 17<3) 1.907 
and 34. 



Logarithm of 17.3 is 
do 1.907 is 

do 34. is 



1.S3805 
0.28035 
1.53148 



Product 1121.71 Sum 3.04988 

3. Find by logarithms the prodact of 76.5 by 5.5. 

Ans. 430.75. 

4. Find by logarithms the continued product of 4S.35, 
1.7364 and I.76. Ans. 189.424. 

Case. S.— Whe^ some or all of the factors are deci- 
mal numbers. 

RULE. 

Add the decimal parts of the logarithms as before^ 
and if there be any to carry from the decimal part, add 
it to the affirmative index or indices^ or else subtract it 
from the negative. 

Then add the indices together^ when they are all of 
the same kind, that is all affirmative or all negative ; but 
when they are of different kinds^ take the difference be- 
iw^en the sums of the affirmative and negative ones^ and 
prefix the sign of the greater. 
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JSTote. — ^When the index is affirmative^ it is not ne- 
cessary to place any sign before it ; but when it is nega- 
tive^ the sign must not be omitted. 

SXAMPLES. 

i. Required the continued product of 34i9>177 S5.43; 
.93531 and .00576. 

logarithm of 349.17 is S.54303 

do 29.43 is 1.40533 

do .93521 is -1.97090 

do .00576 is -3.76043 

Product 47.83 Sam 1.67970 

In this example there is S to carry from the decimal 
part of the logarithms^ which added to 3^ the sum of the 
affirmative indices, makes 5 ; from this taking 4, the sum 
of the negative indices^ the remainder is 1, which is the 
index of the sum of the logarithms, and is affirmative^ 
because ,the sum of the affirmative indices together with 
the number carried, exceeds the sum of the neg^tiv^ 
indices. 

2. Requit^jed the continued product of .0839^ .7536, 
and .003179. 

Logarithm of .0839 is -S.92376 
do .7536 is -1.87714 

do .003179 is --3.50329 



Product .000201 Sum -4.30319 

In this example there is 2 to carry from the decimal 
part of the logarithms, wMch subtracted from 6, the sum 

e 



n 
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of the negative indices, leaves % wbieb is the index of 
the sum of the logarithms^ and is negativet because the 
sum of the negative indices is the greater. 

3. Required the continued product of 13.19^ .3765^ 
and .00415: Ans. .02061. 

4. Required tbe coutinued product of 3^8, 1.794, 5.41 
and .019, Ans. 63.35. 



PROBLEM IV. 

To divide numbers hy means of logarithms. 

Case 1. When the dividend and divisor are both whole 
or mixed numbers. 

RUl.E. 

From the logarithm of the dividend, subtract the lo- 
gt^rithm of tbe divisor, the remainder will be the loga- 
rithm of the quotient. 

JSTote. — ^When the divisor exceeds the dividend, the 
question must be wrought by the rule given in the next 
case. 



I 

.1 

i EXAMPLES. 



1. Required the quotient of 3450 divided by 23. 

Logarithm of 3450 is 3.53783 
do 23 is 1.36173 



Quotient 150 Remain. 2.17609 

S. Required the quotient of 420.75 divided by 76.5. 

Ans. 6.5. 

3. Required the quotient of 37.1543 divided by 1.73958 

Ans. 31.3585. 
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Case 8. When the dividend or diviaor^ or both of 
tfaem^ are deeimal numbers. 

RULE. 

{Subtract the decimal parts of the logarithms as before^ 
and if 1 be borrowed in the left hand place of the deci- 
mal part, add it to the index of the divisor when that 
index is a£Srmative^ but subtract it when negative. 

Then conceive the sign of the index of the divisor 
ehanged from affirmative to negative, or from negative 
to affirmative; and if, when changed^ it be of the same 
name with that of the dividend, add- the indices together; 
but if it be of a different name, take the difference of the 
indices and prefix the sign of the greater. 

EXAMPLES. 

1. Hequired the quotient of '.7^91 divided by 38.147« 

Logarithm of .7591 is -1.88030 
do 32.147 is 1.S0714 



Quotient .03361 Remain. -3.37316 

In this example the index of the divisor, with its sign 
changed, is — 1, which added to — 1, the index of the 
dtvidend, makes — 2, for the index of the quotient. 

2. Required the quotient of .63193 divided by .00917. 

Logarithm of .63153 is -1.80039 
do .00917 is -3.96237 



Quotient 68.8683 Remain. 1.83603 
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In this example there is 1 to carry from the decimal 
part of the logarithm^ which subtracted from — 3^ the 
index of the divisor^ leaves — 2; this with its sign 
changed is +S; from which subtracting 1 the index of 
dividend^ the remainder is i, and is affirmative because 
the affirmative index is the greater. 

3. Required the quotient of 13.931* divided by 7965.13. 

Logarithm of 13.921 is 1.14367 
do 7965.13 is 3.90185 



quotient .001748 Remain. -3.242*a 

In this example there is 1 to carry from the decimal 
part of the logarithm^ which added to 3^ the index of 
the divisor, makes 4; this with its sign changed is — 4; 
from which subtracting i, the index of the dividend^ the 
remainder is —3. 

4. Required the quotient of 79.35 divided by .05178. 

Ans. 1532.46. 

0. Required the quotient of .5903 divided by .931. 

Ans. 63404. 

PROBLEM V. 

To involve a number to any power; that is to find the 
square^ cube^ ^c. of a number logarithmically. 

RULE. 

Multiply the logarithm of the given number by the 
index of the power, viz. by 2 for the square, by 3 for 
the cube, &c. and the product will be the logarithm of 
the power. 
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JV*ofe. — ^When the index of the logarithm is negative, 
if there be any to carry from the decimal part, instead 
of adding it to the product of the index and multiplier, 
subtract it, and the remainder will be the index of the 
logarithm of the power, and will always be negative. 

EXAMPLES. 



1. Required the square of 317. 

Logarithm of 317 is 8.50106 

3 



Square 100489 



5.00213 



3. Required the 5th power of 1.735. 

Logarithm of 1.735 is 0.33930 

5 



5th power 15.7318 1.19650 



3. Required the cube of .08761. 

Logarithm of .08761 is -3.94<355 

3 



Cube .000073* 



-4.83765 



4. Required the cube of 7-S03. Ans. 433.37. 

&. Required the 7th power of .33518. Ans. .0003841. 
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PEOBLEM VI. 

To extract any root of a number logarithmically. 

RULE. 

Divide the logarithm of the given number by the index 
of the root^ that is by 2 for the square root, by 3 for the 
cube root, &e. and the quotient will be the logarithm of 
the required root ' 

J\rote. — ^When the index of the logarithm is negative, 
and does not exactly contain the divisor, increase the 
index by a number just sufficient to make it exactly divi- 
sible by it, and carry the units borrowed, as so many 
tens, to the left hand figure of the decimal pait; thea 
proceed with the division in the usual manner. 

EXAMI*LES. 

1. Required the cube root of 391. S7. 

3) 
Logarithm of 301 .37 i^ 2.59MS 

Cube root 7^14 0.864}i6 

S. Required the square root of .08593. 

S) 
Logarithm of .08593 is —3.93414 

Square root .S9314 —1.46707 

3. Reqaired the cube root of .7596. 

3) 
Logarithm of .7596 is —i .880f58 

Cube root .91^4 — l.y0019 



LOGARITHMS. 23 

r 

4. Bequired the cube root of .0000613. 

3) 
Logarithm of .0000613 is —5.78746 

Cube root .03943 — 3.59d83 

5. Required the sqaare root of 369. Ans. 19.105. 

6. Required the 9th root of .9963. Ans. .9911. 

7. Required the 4th root of .00079- Ans. .16769. 

Of the arithmetical comjplements of logarithms. 

When it is required to subtract several logarithms from 
others, it will be more convenient to convert the subtrac- 
tion into an addition, by writing down, instead of the 
logarithms to be subtracted, what each of them wants of 
10.00000, which may readily be done, by writing down 
what the first figure, on the right hand, wants of 10, and 
what every other figure wants of 9; this remainder is 
called the Jlrithrnetical Complement. Thus, if the lo- 
garithm be S.93061, its arithmetical complement will be 
7.46939. If one or more figures to the right hand be 
ciphers, write ciphers in their place, and take the first 
significant figure from 10, and the remaining figures from 
9. Thus, if the logarithm be 4.61300^ its arithmetical 
complement will be 9.3S700. 

In any operation, where the arithmetical complements 
of logarithms are added to other logarithms, there must 
be as many lO^s subtracted from the sum, as there are 
arithmetical complements used. 
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As an example, let it be required to divide the pro- 
duct of 73.4 and 35.84!> by the product of 473.9 and 
4.7« 

473.9 - - At. Co. 7.33431 

4.76 - At. Co. 9-38S39 

85.84 - - - log. l.SiM<37 

76.4 - . log. 1.88309 

Quotient 1.S14 0.084i6 
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DEFINITIONS. 

— 1. Geometry is that science wherein the properties of 
magnitude are considered. 

— S. A point is that which has position^ hut not niag- 
^itude. . 

- 3. A line has length but not breadth. 

-- 4. A straight^ or right line; is the shortest line that 
can be drawn between any two points. ' 

5. A superficies or surface has length and breadth, but 
];iQt thickness, 

6. A plane superficies is that in whidh any two points 
beuig taken^ the straight line between them lies wholly 
in that superficies. 

y. A plane rectilineal angle is the inclination of two 
straight lines to one another, which meet together, but 
are not in the same straight line, as A, Fig. 1. 

JV*(7fc.-— When several angles are formed about the 
san^e point, as at B, Fig. S, each particular angle is ex- 
pressed by three letters, whereof the middle letter shows, 
i^he angular point, and the other two, the lines that forni 
the angle ; thus, C B D or D B G signifies the angle form^ 
ed by the lines CB and DB. 
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8. The magnitude of an angle depends on the incli- 
nation that the lines which form it have to each other, 
and not on the length of those lines. Thns the angle 
DB£ is greater than the angle AB€^ Fig. 3. 

9. When a stf*aight litie G t) statids ott another straight 
line AB; so as t6 incline to neither side^ but makes th^ 
angles on each side ftqual^ then those angles A |) C and 
BD£^ are called right angles^ and the line CD is saicl 
to be perpendicular to AB> Fig. 4. ., 

10^ An acute angle is that which is less than a right 
an^le^ as BD£^ Fig. 4. 

; 11. An obtuse angle is that which is greater than a 
right atigle^ as AD E; Fig. 4. 

12. Parallel straight lines s^re such as are in the same 
plane^ and which^ being produced ever so far both ways^ 
do not meet^ as A B^ G D^ Fig. 5. 

1S|. A figure is a space bounded by one or more lines. 

14. A plane triangle is a figure bounded by three 
straight lines^ a| ABG^ Fig. 6. 

15. An equilateral triangle has its three sides equal 
^o each other, as A^^ Fig. 7. ' 

16. 4^n isosceles triangle has only two of its sides 
i^qual, as B, Fig. 8. 

17. A sealene triangle has three unequal sidec^ as 
AfeC, Fig. 6. 

1$. A. light angled triatigle has one right angle, as 
ABC, Fig. 9: in which the side AC opposite to th<} 
r^ht angle is cidled Ae liypothentise* 
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A9. An oUusb Angled triangle has pae obtuse angle; 
as C, Fig. 10. 

SO. An acute angled iriaQgle hai all iti ma^es «eatC| 
as ABC, Fig. 6. 

M. Acute and obtuse angled ttiaiigl^s are called 
bblique anglefd triangles. 

23. Any plaiie figure bounded by fooir rigbt Unes^ it 
^ trailed a quadrilateral. 

^ f S3. Any quadrilateral^ whose opposite sides are paral- 
lel^ is called a parallelogram^ itui D^ Fig. 11. 

^ S4i. A pq^rallelogram^ whose angles are all rights is 
Called a rectangle^ as £^ Fig.> IS. 



55. A paralMo^am whose sides are all equals and 
ungles right^ is called a square^ |as F^ Fig. 18. 

56. A rhomboides is a parallelograin^ wbo^ opposite 
sides are equal and angles oblique^ as D; Fig. 11. 

57. A rhombus is a parallelogram^ whose sides are a|l 
€qual and angles oblique^ as G^ Fig. 14. 

Sd. Any quadrilateral figure that is itot a. parallel 
gram^ is called a trapezium. 

S9« A right line joining any two opposite angles of a 
quadrilateral figure^ is called a diagonal. 

30. That side AB upon which mj parallelogrtm:* 
ABEC^ or triangle ABC is supposed to standi is calU 
e4 the base ; and the perpendicular C D falling thereon 
from the opposite angle C^ is called the altitude of thfd 
parallelogram^ or triangle^ Fig. 15. 
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31. All plane figures contained under more than four 
sides^ are^ called polygons; of which those having five 
sides^ are called pentagons ; those having six isides^ 
hexagons^ and so on . 

I 

2&. A regular polygon is one whose angles^ as well 
ds sides^ are all equal. 

33. A, circle is a plane figure^ bounded by one curve 
line AD £B^ called the circumference or periphery^ 
every part of which is equally distant fron^ a certain point 
C within the circle^ and this point is called the centre^ 
Fig. le. 

% 

9 

34f; The radius of a . circle is a straight line dmwu 

from the cetitre to the circumference^ as CB; Fig. 17- 

• 

B5^ The dfiameter of a, circle is a straight line drawn 
tbrough the centre^ and terminated both wa^ s by the eir- 
ctimference, as AE, Fig. 17- It divides the circle into 
two equal parts^ called semiciroles.^ 

301 A ^[uadraAt is one quarter (tf a circle^ as AGB^ 

jyVte.-— The fourth part of the circumference of a cir-« 
cle^ is also called a quadrant. 

37- A segment of a circle is Hhe ifigure contained by a 
right liie, and the part of the circumference it cuts oflf : 
thus A£BA andAEDA are segments of the circle 
ABED, Fig. 16. , ^ 

... • - '"^ . ' * ... '^ . 

38. An arc of a circle is any part of the drcumference^ 
as AD or DE; Fig. 17- ; 
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PROBLEM L 

To bisect aright liney AB, Fig. 18, 

/ 

a 

Open the dividers to any distance mare than half the 
line AB^ and with one foot in A^ describe the arc C F JD; 
with the same openings and one foot in B^ describe the 
arc CGD, meeting the first are in C and D$ from C to 
I) di^w the right line CD, cutting AB in E, which will 
he equally distant from A and B« 

PROBLEM IL 

I 

•fl# a given point A, in a right Kne EF^ to erect a 
perpendicular^ Fig. 19. 

From the point A, lay off on each Iside^ the equal dis- 
tances AC, AD; from C and D, as centres, with any 
interval greater than AC or AD, describe two arcs in- 
tersecting each other in B ; from A to B, draw the line 
AB, which will be the perpendicular required. 

To raise the perpeiiiicuiar on Ihff.end Hof a right 
line AB, Fig, m. . 

Take any point D not in the line AB, and with the 
^dlst^oice from D tQ B^ describe a^circle cutting AB in E; ' 
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from E thrbagb D draw the right line ED G, eUtting th^ 
periphery in C^ and join C B, which will be perpendicu- 
lar to AB. 

PROBLEM IV. 

To let fall a perpendicvlar upon a given line B C^ 
from a given point Ap without it. Fig. SI. 

In the line B G-tuke any point J), and with it as a cen* 
tre and distance DA describe an arc A&£^ catting 
BG in Gf with O ad a centre^ and distance 6 A, describe 
an arc cntting AGE in B^ and from A to fi draw the 
Use AF£ $ the* AF will be peipendienlftr to AB. 

PROBLBM V. 

Through a given point A to draw a rig^t line A B^ 
parallel to a given right line C D, Fig. 22. 

From the point A to any point F, in the line G D^ draw 
the right line AF; with F as a centre and distance FA> 
describe the arc AE^ and with the same distance and 
centre A describe the arc F6 ; make FB equal to AE, 
and through A and B draw the line AB^ and it will be 
paralM to G D. 

PROBLEM VI. 

Jit a giveii point B, in a given right line LG> ta maJce 
uh angle equal to a given an^ A^ Fig. S3. 

With the centre A and any distance AE, describe the 
arc BE^ and ^with the same distance and centre B de- 
ticribe ihe arc F G ; make H G equal to D E, and through 
B and H draw the line BH ; then will the angle HBG 
lie eqaal te the fingk A, 



t 
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PROBLEIf VIL 

To higect any right lined angle B AG^ Fig. S4i/ 

In the lined AB and AG^ from the point A set off 
l^^al distance AD and AE ; with the centres D and E 
and any distance more than half D E describe two arc$ 
cutting each other in F ; from A through F draw the 
lioe A G^ and it wil} bisect the angle BAG. 

PROBLEM Vin. 

To make a triangle of any three right lines D, E 
0,nd V, of iokick any two together must he greater than 
the third, Fig. 89. 

It 

Make A B equal to D ; with the centre A and distanca^ 
equal to E^ describe an arc^ and with the centre B and 
distance equal to F. describe another arc^ cutting the 
former in G; draw AG and BG^ and ABG is the tri- 
angle required. 

PROBLEM IX. 

Upon a given line AB fo describe a square^ Fig. S6. 

> 

At the end B of the line A B^ by problem 3^ erect the 
perpendicular BG^ and maJLe it equal to AB; with A 
and G as centres, «and distance A B or B G describe two 
arcs cutting each other in D; draw AD and GD, then 
will ABGD be the square required. 

PROBLEM X. 

' r 

To describe a Hrde that^ sluM foes ikrough ike an* 
gtdar jf(rint9 A^ B »nd €^ qfutnm^ ASG; Fig* ^* 
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By problem i, bisect any two of the sides^ as A G, 
B G^ by the perpendiculars D E and F G ; the point H 
where they intersect each other will be the centre of the 
circle ; with this centre and the distance from it to either 
pf th§ points A^ ]i, qf G^ describe the circle. 

PROBLEM XI. 

To divide a given right line AB into any number of 
equal partsy Fig. S8. 

Draw the indefinite right line A P^ making any angle 
with A B, p.lso draw BQ parallel to A P^ in each of 
whkh^ take as ma^y equal parts AM^ MN^ &c. Bo, on^ 
&c. as th& line A B is to be divided into ; then draw 
Mm, l^n, &c. intersecting AB in E^ F^ &c. and it if 
done. 

PROBLEM XIL 

Tq make a plane diagonal scale, Fig. SS. 

Draw eleven lines parallel to^ and equidistant from 
each other; cut them at right angles by the equidistant 
lines BC ; EF ; 1, 9 ; S, 7 ; &c. then will BC, &c. be 
divided into ten equal parts ; divide the lines EB^ and 
JP C, each into ten equal parts^ and from the points of 
division on the line E B^ draw diagonals to the points of 
division on the line FG: thus join E and the first divir 
fiion on FG^ the first division on EB and the second po 
FC, &c. 

J\rote. — ^Diagonal scales serve to take off dimensions 
or numbers of three figures. If the first large divisions 
be units^ the second set of divisions^ along E B^ will be 
10th parts ; a^d the divisions in the altitude^ along B G^^ 
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'Will be 100th ^arts.> If HE be tens, EB will be nnits, 
and BC will be 10th parts. If HE be hundreds, BE 
will be teas, and B C units. And so on, each set of di> 
vbious being tenth parts of the former on^s. 

For example, suppose it were required to take off 248 
from the scale. Extend the dividers from £ to S towards 
{{ ; and witb one leg fixed in the point S, extend the 
other till it reaches 4 in the line E B ; move one leg of 
tlie dividers along the, line 2/7? and the other along the 
line 4, till they come to the line marked 2, in the line 
BG; a|id that will give the extent required; 
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BEFINITIONS. 

« 

1. Plane Trigonometry is the art by whieb^ whca 
any three parts of a plane triangle^ except tbe three an- 
gles^ are given^ the others are determined. 

S. The periphery of every circle is supposed tabe di- 
vided into 860 equal parts^ called degrees; each de« 
gree into 60 equal parts, called minutes ; and each 
minute into 60 equal parts^ called seconds^ &c. 

3. The measure of an angle is the arc of a circle^ 
contained between the two lines that form the angle, the 
lingular point being the centre; thus the angle A BC^ 
Fig. 30, is measured by the arc D E, and contains the 
same number of degrees that the arc does. The measure 
of a right angle is therefore 90 degrees; for DH, Fig. 31^ 
which measures the right angle I) C H is one fourth part 
of the circumference, or 00 degrees. 

^ote. — ^The degrees, minutes, seconds, &c. contained 
in any arc, or angle, are written in this manner, 50^ IS' 
36'^ ; which signifies that the given arc or angle contains 
00 degrees, 18 minutes and 35 seconds. 

4. The complement of an arc, or of an angle, is what 
it wants of 90^; and the supplement of an arc^ or of an 
angle, is what it wants of 180^. 



5. v^e efaord of an are^ is a line drawn from one ex- 
tremity of the are to the other : thus the line BE is the 
ch^rd of the are B AE or BD £^ Fig. 81. 

V 

^. The sine of an arc^ is a right line drawn from one 
extremity of tj[ie arc^ perpendicular to the diameter pass- 
ing through, the other extremity : thus BF is the sine of 
the arc AB or BD, Fig. 31. 

T* The cosine of an arc, is that part of the diameter 
which is intercepted between the sine and the centre : 
tihus^CF is the cosine of tlie arc AB, and is equal to 
Bt/ the stole of its complement HB, Fig. 31. 

8. Thd veiled sine of an arc, is that part of the dia- 
meter which is intercepted between the sibe and the are: 
thus AF is the versed sine of AB; and DF of DB, 
Fig. 31. 

9. The tangent of an arc, Is a right line touching the 
circle in <in.e end of the arc, being perpendicular to the 
diameter passing through that end, and is terminated by 
a right line drawn from the centre through the other end: 
thus AG is the tangent of the arc AB, Fig. 31^ 

* 

10. The secant of an arc, is the right line drawn from 
the centre and terminating the tangent : thus C G is the 
secant of A B. Fig. 31. 

11. The cotangent of an arc, is the tangent of the com- 
plement of that are; thus HK is the cotangent of AB.' 
Fig. 31. 

Ig. The cosecant of an arc. is the secant of the com- 
plement of that arc ; thus C K is the cosecant of AB. 
Fig. 81. 
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13. The sine, cosina, &e. of an angle is the sakne as 
the Biaey cosine^ &e. of the are that measufejB the au- 
gle. 

« 

' PROBLEM L 

To construct the line$ of chords^ sinesj tangents^ ani 
secants^ to any radims. Fig. 3S. ' * . 

Describe a semicircle with any convenient . radius 
C B ; from the centra C draw C J) perpendicular to 
AB and produce it ta.F; dfaw B£ parallel to GF and 
join AD. 



Divide the arc AD into nine equal parts. as A, 10; 
10; SO ; &c. and with one foot of the dividers in A^ trans- 
fer the distances A; 10 ; A, 20 ; &c. to the right line AD ; 
then will AD be a line of chords constructed to every 
ten degrees. 

Divide BD into nine equal parts^ and from the points 
of division 10, 20, 30, &c. draw lines parallel to CB, 
and meeting CD in 10, 20, 30y &c. and CD will bo a 
line of sines. 

From the centre C, through the divisiojas of the arc 
BD, draw lines meeting BE, in 10, 20, 30, &c. and BE 
will be a line of tangents. 

With one foot of tlie dividers in C transfer the dis- 
tances from to 10, 20, &c. in the line BE, to the line 
C F which will then be a line of secants. 

By dividing the arcs AD and BD each into 90 equal 
parts, and proceeding as above, the lines of chords, 
sines, &c. may be constructed to every degree of the 
quadrant. 
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PROBLEM n. 



*. * 



, ^ jtt 0k given point A, in a given right line AB, to 
make an angle qf any proposed number of degrees^ sup- 
pQse 38 degrees. Fig* 33. 

With the centre A^ and a radius equal to 60 degrees^ 
taken from a scale of choids^ describe an arc^ cutting 
A B In m '; froni the satne scaje of chords^ take 3d dQ- 
grQ^s and apply it to^ the arc from m i^My and from A 
through n drai% the line A 0, then Avill the angle A con- 
tain 38 degrees. 

J^ote. — -Angles of more than 90 degrees are usually 
taken^ff at twice. 

IPROBLEM in. 

•I 

To measure a given angle A. Figi 31, 

Describe thp arc mn with the chord of 6ft degrees, as 
in the last problem. Take the arc mn between the di- 
vidersy and that extent applied to the scale of chords, 
will show the degrees in the given angle. 

JV7?te.«-— When the distance mn .exceeds ^ degrees, 
it must be taken off at twice, as before. 
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OF THE TASSjA of I.O0ABITHMIC OR AR- 
TIFICIAL «mES, TANGENTS, &€. 

Tms table contains tbe logaritfami of Ihe iine^ tangent^ 
Sec. to every degree and minute of the qoadran^ the ra« 
dins being 10000000000^ and oonsequently its logarithm 
40, 

Iiet the radius GB, Fig. 83^ be supposed to consist 
of iOOOOOOOOOO equal parts as above^ and let the qua- 
drant DB be divided into 5400 equal^ar^s^ each oC these 
will jtherefore contain i' ; and if from the several gpints 
of division in the quadrant^ right lines, be drawn per-, 
pendicular to GB, the sine of every minute of the qua- 
drant^ to the radius GB will be exhibited. The lengths 
of these lines being computed and ^arranged, in a table 
constitute what is usually termed a table of natural sines* 
The logarithms of those numbers taken from a table of lo- 
garithms and properly arranged form the table of logari- 
thmic or artificial sines. In like manner ihe logarithmje 
tangents and secants are to be understood. 

The method by which the sines are computed is too 
abstruse to be explained in this work^ but a familiat ex- 
position of this subject as well as the construction of lo- 
garithms may be seen in Simpson^s Trigonometry. 

To findf by the table^ the sine, tangent, £fc. of an arc 

or angle. 

If the degrees in the given angle be less than 4*5, look 
for them at the top of the table^ and for the minutes^ in the 
left hand column ; then in the column marked at the top 
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of th^ table^ sine^ taogeat^ Jtci and agajnqt tlie minutes^ 
is the mnty tangent &c. requiredi If the degrees are more 
than 49, look for them at the bottom of the table^ and fop 
, the minutes, io the right hand column ; then ip the co- 
lunAi marked at the bottouMif the table, sine, tangent, &c« 
andagaigist the mioates, is the sine, tangent, &c. re- 
quired-^ '/ ' 

> *' 

JV*afe.-^The'$ine of an angle and of its supplement 
beiifg the ilanife, if the giveii number of degf'ees be aboy6 
90, subtract them fri^i 180^^ and find the sine of the re- 
mainder. 

i 

£s:ample$« 

1. :B«quired tUe sine of 9S.^^ Ans. 9.73063. 

3. Requiwd the tangent of Sf 39' Ans. 10.19833. 

3. What is the secant of 89° 31'. Ans. 13.07388. 

4. What is the sine of 157**^. Ans. 9.57885. 

To find the degrees and minutes^ corresponding to a gi^ 

ven aine^ tangent 8^c, 

Fin^, in the table, the nearest logarithm to the given 
one, and the degrees answering to it will be found at the 
top of the^ table if tiie name be there^ and the minutes on 
the left hand; but if the name be at the bottom of the ta- 
ble^ the degrees must be found at the bottom^ and the 
minutes at the right hand. 

EXAMPLES^ 

1. Required the degrees and minutes in the angle 
. whose sine is 0.64390. Ans. Sff" Sf, 
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2» Required the degrees aiid minutes iii> the angle 
whose tangent is 10.47464. Ans. Ti"" 28",. « 



ON GUNTEIKS ^CAtfi, 
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GuNTERS* Scale is a^ instrument by which, wIUi a 
pair of dividers, the different cases in irigonoipetrj and 
many other problems may be solved* ^ : * * 

It has on one side^ a diagonal sqale, and ako the lines 
of chords, sines, tangents and secants, with seyeral others. 

* ■ 

On the other side^there lire several logarithmical lines 
as foUow: , ., 

The line of numbers marked J^Tum.^ is numbered from 
the left hand of the scale towards the right, with 1, jg, 
3, 4, d, 6, 7y 8, 9, 1 which stands in the middle of the 
scale ; the numbers then go on ^, 3^4, d, 6, 7^ 8, 9, .10 
which stands at the right hand end of the scale. These 
two equal parts of the scale are similarly divided, the 
distances between the first 1, and the numbers S, 8, 4, 
&e. being equal to the distances between the fiddle 1, 
and the numbers S, 3, 4, &c. which follow it. The sub- 
divisions of 1;he two parts of this line are likewise simi- 
lar, feach primary division being divided into ten parts, 
distinguished by lines of about half the length of the 
primary divisions. 

The primary divisions on the second part of the scale, 
are estimated according to the value set upon the unit on 
the left hand of the scale : If the first t be considered 
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as a UBit^ then the first 1^ S^ 3, &c. stand fonl^ S, 3^ kc. 
the middle 1 is 10^ and the 2^ 3> % &e. following stand 
for SO, 30, 40, &c. and the 10 at the right hand for 100. 
If the first 1 stand ibr 10, the first S, 3, 4, &c. ^ust be 
counted 20, 30, 40, &c, the middle 1 will be 100, the 
second 3, 3, 4, fee. Will stand for 300, 300, 400, &c« and 
the 10 at the right hand for 1000. 

If the first 1 be considered as tV of annit, the S, 3,; 4, 
&c. following will be •^, -j^ tV ^^' ^^^ t^® middle Ij 
and the 2, 3, 4, &c. following will stand for 1, 2,%, 4, kc. 

The intermediate small divisions must be estimated 
according to the value set upon the primary divisions. 

Sines, — The line of sines, mi^^ked Sin. is numbered 
from the left hand of the scale towards the right, 1, 2, 3, 
% &c, to 10, then 20, 30, 40, &c to 90, where it termi- 
nates just opposite 10 on the line of numbers. 

Tangents. — The line of tangents, marked Tan. be- 
ginsi atthe left hand, and is numbered .1, 2, 3, &c. to 
10, then 20, 80, 40, 43, where there i^ a brass pin, just 
under 90 in the line of sines ; 4)ecause the sine of SO"" is 
equal to the tangent pf 45**, From 45 it is numbered to- 
wards the left hand 50, 60, 70, 80, &c. The tangents of 
arcs above 45° are therefore counted backward on the 
line, and are found at the same points of the line as the 
tangents of their complements. 

There are several ather lines on this side of the scale, 
as Sine Rhumbs^ Takgent Rhumbs, Versed 'Sines, ^c; 
but those described are sufficient for solving all the prot^^ 
lems in pkne trigonometry. 
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y 

, Remarks on singles, Trian^es, S^c. • 

■ » 

1. If from a point D in a right line AB^ one or more 
right lines be drawn on the same side of it^ the angles 
thas^formed at the point O will be together eqnal to two 
right angles^ or 180^; thns AI)£ + EDB » two right 
angles, or 180° r also ADC + CDE + EDB « two 
right angles, or 180^ Fig. 85. 

S. Since the angles thas formed at the point D, on the 
other side of AB would also be equal to two right angles, 
the* sum of all the angles formed about a point is equal 
to four right angles or 360/ 

3. If two right lines cut one another, the opposite an- 
gles will be equal : thus A£G=B£D and AED=GEB. 
Fig. 36. 

4. The sum of the three angles of a plane triangle is 
equal to two right angles, or 180' 






• 1 

5. If the sum of two angles of a triangle be subtract- 
ed from 180% the remainder will be the third angle, 

6. If one angle of a triangle be subtracted from ISO"", 
the remainder will be the sum of the other two angles. 

7. Iq right angled triangles, if one of the acute angles 
be subtracted from 90% the remainder will be the other 
acute angle. 

8. The angles at the base of an isosceles triangle are 
equal to one another. 

g. If one side of a trialigle be produced, the external 
angle will be equal to the sum of the two internal and op-. 



• 
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pQmtR angles : thus the external angle CBB, of thp tri- 
angle ABC^ is equal to the sum of the internal and op- 
posHe angles A and C. Fig. 37- 

I m 

10. The angle at the centre of a circle is double of the 
angle at the circumference^ upon the same base^ that is^ 
upon the same part of the circumference : thus the angle 
BEG is double of the angteBAC. Fig. 38. 

11, The angles in the same segment of a circle are 
equal to one another : thns t^e angle BAD is equal to the 
angle BED ; also the angle BCD is equal to the angle 
BFD. Fig. 89. 

IS. The angle in a semicircle is a right angle ; thus 
the angle ECF^ Fig. 49^ is a right angle* 

13. This mark ' placed on the sides or in the angles 
of a triangle^ indicates that they are given; and jthis 
mark° placed in the same vfnj, indicates that they are re- 
quired. 

PRACTICAL RULES FOR SOLVING' ALL THE CASES 

OF PLANE TRIGONOMETRY. 

QASE 1. 

The angles OMd one side of any plane triangle being 

giveny to find the other sides. 

RULE. 

w As the sine of the angle opposite the given side^ 
Is to the sine of either of the other given angles. 
So is the given side, 
To the side oppos^ite this other angle. ^ 

* OsMONSTRA^iON. Let A BC, l^ig. 40, be any plane triangle, take B F 
=^ C, und upon A B let &1I the perpendlcolars C D and F £, which will be 
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J\Pote. i. The proportions in trigonometry are worked 
by logarithms; thus,* from the sum of the logarithms of 
the second and third terms, subtract the logarithm of th« 
first term/ a,nd the remainder will be the logarithm of the 
fourth term. 

S. The logarithmic sine of a right angle or W is 
lO.OOOpo, being the same as the logarithm of the radius* 



EXAMPLES. 

1. In the triangle ABO, there are given the angle A=' 
Sa"" IS', the angle B= ll^"" &^, and consequently the an- 
gle Q = gr 2i'y and the side AJB=: 98^ ; required the 
sides AC and BG. 

By Construction f Fig. 41. 

Make AB equal to 98 by a scale of equal parts, and 
draw AC, making the angle A«32^ 15'; also, make thf 
angle B=114^ ^', and produce BC. AC, till they meet in 
G, then is ABC the triangle required ; and AC, measured 
by the same scale of equal parts, is 16S, and BG is 90. 

I 

the siiies of the Ung^les A and B to the equal radii AC and BF. Kow the trian- 
jjles BDC and HEP being similar, we have CD i FE : : BC : BF or AC, that is 
sin. A : sinr B : : BC : AC. In like manner it is proved, that sin. A : sin. C r t BC 
: AB. When one of the iM^gl^s is obtuse the demonstration is the same. Hence 
it appears, that in any {ilane triangle, the sides are to one another as the sines of 
their ot>po^e angles. 

• This 98 may express so many feet, or yards, &c., and the other sides Vill 
beofthesamedenominatioiiaSthei^venside. ' 
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45 



By Calculation. 

A^ sine of the angle G 33° %i' 

Is to sine of tiie angle B 114° S4<' 
«oisAB 9 



To 4.C 16S.3 



9.74^17 



w 'I'll 



9.95937 
1.99123 

11.95060 
9.74017 



3.S1043 



As sin&.of G SS*" 31' 

Is to sine of A 38° 19' 
Bo is AB 98 



To BC 9ff.lS 



9.74017 

9.7278^ 
1.99133 

11.71846 
9.74017 

1.978S9 



By Ghmter's Scale. 

jBxtend tbe compAsses^ on the line of sineis^ from 
aS"* M^ to 69'' i)6' the supplement of the angle B ; that ex- 
tent will reach^ on the line of uumber$^ from 98 to 163^ 
the side AC* 

Extend the compasses from 33"" 2V to S^"" 19' on the 
line of siines ; that extent will reaeh^ on the line of num^ 
hers^ from 98 to 95y the side BG. • 

S. In the right-angled triangle ABG^are given the hy* 
pothenuse AC « 480, and the angle A « 93"* 8'. To find 
the base AB and perpendieular BC 



/ • 
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OF THE TABLfi OF LOCFAHITHMIC OR AR- 
TIFICIAL miffES, TANGENTS, &c. 

Tms table contains the logaritfamfl of the iine^ tangent^ 
&c. to evety degree and minute of the qoadlran^ the ra* 
dins being 10000000000^ and conseqaeatly its logarithm 

V f * 

^ ]jet the radius GB, Fig. 33^ be supposed to consist 
of i 0000000000 equal parts as aboye^ and let the qua- 
drant DB be divided into 5400 equal ar«Sj each oC these 
will jtherefore contain V ; and if from the several joints 
of division in the quadrant^ right lines ^ be drawn per*, 
pendicular to GB^ the sine of every minute of the qua- 
drant^ to the radius GB will be exhibited. The lengths 
of these lines being computet! and ^arranged, in a table 
constitute what is usually ternijBd a table of natural sines. 
The logf^ritbms of those numbers taken from a table of lo- 
garithms and properly arranged form tbe table of logari- 
thmic or artificial sines. In like manner ihelogarithmje 
tangents and secants are to be understood* 

The method by which the ^ines are computed is too 
abstruse to be explained in this work, but a famiKat ex- 
position of this subject as well as the construction of lo- 
garithms may be seen in Simpson^s Trigonometry. 

To findy by the taUe^ the sine^ tangent^ Sfc» of an arc 

or angle. 

If the degrees in the given angle be less than 4d, look 
for them at the top of the table, and forthe minutes^ in the 
left hand column ; then in the column marked at the top 
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taf th^ table^ sine^ tangent^ £ci and against the minutes^ 
' is tlie nne^ tangent &c. required. If the degrees are more 

than 45, look for them at the bottom of the table^ and for 
^ the minutes, in the right hand column ; then ip the co« 

lunii marked at the botton&^f the table, sine, tangent, &c« 

an4agaipst the mknites, is the sine^ tangent, &c« re- 

q[uired.^ ' 

JV%fe.-^The'^ine of an angle and df its supplement 
beirig the daniJb^ if th^ giveii number of degrees be aboy6 
90, subtract them frqpi 180^, and find the sine of the re* 
mainder. 

EXAMFLEB* 

9 
• 

1. :Q«quked the sine of 3S<> S9» Ans. 9.7^68. 

3. RequiiAd the tangent of 57° 39' Ans. 10.19833. 

3. What is the secant of 89° 31'. Ans. 1S.07388. 

4. What is the sine of IS?"* 43'. Ans. 9.S7889. 

Tofijid the degrees and minutes^ corresponding to a gi^ 

mn dine, tangent 8^c, 

Find, in the table, the nearest logarithm to the given 
one^ and the degrees answering to it will be found at the 
top of the^ table if the name be there, and the minutes on 
the left hand; but if the name be at the bottom of the ta- 
ble, the degrees must be found at the bottom^ and the 
minutes at the right hand* 

EXAMPLES^ 

1. Required the degrees and minutes in the angle 
, whose sine is 9«643g0. Ans. Sff" Sf. 



r 
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2^ Requir^ the degrees aiid minutes in* the angle 
whose tangent is 4 0.47464. Ans. Ti"" SS'.. « 

m 
f 

I *■ 

V 

ON GUNTEl^S «CAiJfi. '■ 

- / • * . • » * 

GuNTERs' Scale is an instrument by which, with a 
pair of dividers, the different cases in trigonoipetry and 
many other problems may be solved* - ^ * 

» • T 

I 

It has on one side^ a diagonal soale, and also the lined 

■ • 

of chords, sines, tangents and secants, with seyeral others. 

m ■ 

On the other side^fbere are several logarithmical lines 
as follow : , . . 

The line oii^nmheTs mftrked J^Tum.f is numbered from 
the left hand of the scale towards the right,- with 1, S, 
3, 4, 5, 6, 7^ 8, 0, 1 which stands in the middle of the 
scale ; the numbers then go on % 3, 4, 9, 6, 7; B, 9, 10 
which stands at the right hand end of the scale. These 
two equal parts of the scale are similarly divided, the 
distances between the first 1, and the numbers S, 3, 4, 
&c. being equal to the distances between the fiddle 1, 
and the numbers S, 3, 4, &c. which follow it. The sub- 
divisions of the two pa^ts of this line are likewise simi- 
lar, each primary division being divided into ten parts, 
distinguished by lines of about half the length of the 
primary divisions. 

The primary divisions on the second part of the scale, 
are estimated according to the value set upon the unit on 
the left hand of the scale : If the first 1 be considered 
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as a UBit^ then the first 1^ % 3, &c. stand fonl^ S^ 3, kc. 
the middle 1 is 10^ and the 2^ 9^ % &c. following stand 
for SO, 30, 40, &c. and the 10 at the right hand for 100. 
If the first 1 stand iov 10, the first S, 3, 4, &c. must be 
counted 20, 30, 40, &c. the middle 1 will be 100, the 
second 2, 3, 4, &c. Will stand for 200, 300, 400, &C|, and 
the 10 at the right hand for 1000. 

If the first 1 be considered as iV of a unit, the 3, 3,; 4, 
&c. following will be ^, ttt? tV> &c. and the middle l^ 
and the 2, 3, 4, &c. following will stand for 1, 2, % 4, &c. 

The intermediate small divisions must be estimated 
according to the value set upon the primary divisions. 

Sines. — The line of sines, ma,rked Sin. is nnmbered 
from the left hand of the scale towards the right, 1, 2, 3, 
4, £c, to 10, then 20, 30, 40, &c to 90, where it termi- 
nates just opposite 10 on the line of numbers. 

_ " _ . « 

Tan^ejifo.— The line of tangents, marked Tan. be- 

jgins^atthe left hand, and is numbered .1, 2, 3, &c. to 
10, then 20, 80, 40, 45, where there is a brass pin, just 
under 90 in the line of sines ; -because the sine of 90** is 
equal to the tangent p{ 45"'* From 4d it is numbered to- 
wards the left hand 50, 60, 70, 80, &c. The tangents of 
arcs above 45° are therefore counted backward on the 
line, and are found at tlie same points of the line as the 
tangents of their complements. 

There are several 9ther lines on this side of the scale, 
as Sine BJiumbSy Takgent Rhumbsy Versed Sines, ^c; 
but those described are sufficient for solving all the prob^ 
lems in pkne trigonometry. 



*' 
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, Memarks on Angles^ Trian^sSy ^c. « 

1. If from a point D in a right line AB^ one or more 
right lines be drawn on the same side of it^ the angles 
thus/ormed at the point D will be together equal to two 
right angles, or 180**; thus ABE +EDB«two right 
angles, or 180** r also ADC + CDE + BDB « two 
right angles, or 180\ Fig. 35. 

5. Since the angles thas formed at the point D, oil the 
other side of AB would also be equal to two right angles, 
the* sum of all the angles formed about a point is equal 
to four right angles or 360/ 

3. If two right lines cut one another, the opposite an- 
gles will be equal : thus AEC=BED and AED=CBB. 
Fig. 36. 

4. The sum of the three angles of a plane triangle is 
equal to two right angles, or 180^ 

9. If the siim of two angles of a triangle be subtract- 
ed from 180% the remaintler will be the third aogK 

6. If one angle of a triangle be subtracted from ISO"", 
tihe remainder will be the sum of the other two angles* 

7. Iq right angled triangles, if one of the acute angles 
be subtracted from 90% the remainder will be the other 
acute angle, 

8. The angles at the base of an isosceles triangle are 

equal to one another. 

• 
g. If one side of a trialigle be |»*oduced, the external 

angle will be equal to the sum of the two internal and op- 



. • 
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pQ^ibB angles: thus the external angle CBD, of th^ tri- 
angle ABC9 is equal to the sum of the internal and op- 
posite angles A and C» Fig. 37- 

10. The angle at the centre of a circle is double of the 
angle at the circumference^ upon the same base^ that is^ 
upon the same part of the circumference : thus the angle 
BEG is double of the angle BAG. Fig. 38. 

11, The angles in the same segment of a circle are 
equal to one another : thus t^e angle BAD is equal to the 
angle B£D ; also the angle BCD is equal to the angle 
BFD.Fig. 39. 

IS. The angle in a semicircle is a right angle ; thus 
the angle ECF^ Fig. 45, is a right angle* 

13. This mark ' placed on the sides or in the angles 
of a triangle, indicates that they are given; aiid J;his 
mark'' placed in the same way, indicates that they are re- 
quired. 

PRACTICAL RULES FOR SOLVING ALL THE CASES 

OF PLANE TRIGONOMETRY. 

» ■ ■» 

QASE 1. 

The angles u^ni one side of any plane Wangle being 

given f to find the other sides. 

RULE. 

As the sine of the angle opposite the given side, 
Is to the sine of either of the other given angles^ 
So is the given side, 
To the side opposite this other angle. ^ 

• DftMoNiiTRAjioK. Let A BC, ^ig. 40, be any plane triangle, take B P 
C, wd upon A B let fkU the perpendiculars C D and F E, which will be 
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J\Pote. i. The proportions in trigonometry are worked 
by logarithms ; thus, -from the sum of the logarithms of 
the second and third terms, subtract the logarithm of the 
first term/ and the remainder will be the logarithm of the 
fourth term. 

S. The logarithmic sine of a right angle or 90"* is 
lO.OOOpo, being the same as the logarithm of the radius. 

EXAMPLES. 

r. 

1. In the triangle ABC^ there are given the angle A=' 
33^ 15'^ the angle B= ll^"" a4f, and consequently the an- 
gle Q =33'' 2i% and the side AJB=:98^; required the 
sides AC and BG. 



By Constrnction^ Fig, 41. 

Make AB equal to 98 by a scale of equal parts^ and 
draw AC, making the angle A«32^ 15'; also make thf 
angle B=114<^ i^^ and produce BC. AC, till they meet in 
G, then is ABC the triangle required ; and AC, measured 
by the same scale of equal parts^ls 16S, and BG is 99* 



the sines of the Angles A and B to the equal radii AC and BF. Kow the trian* 
gles BDC and BEF being sim'dar, we have CD ^ FE : : BC : BF or AC, that is 
sin. A : sinr B : : BC : AC. In like manner it is proved, that sin. A : sin. C : t BC 
: AB. When one of the angles is obtuse Uie demonstration is the same. Hence 
it appears, that in any plane triangle, the sides are to one another as the sines of 
their oppose angles. 

* This 98 may express so many feet, or yards, &c., and the other sides ViH 
be ofthe same denoiiunatioiia& the given side. * 
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45 



By Calculation. 

As sine of the angle G 33° 31' 

la to sine of the angle B 1 14° ^' 
VoisAB 9 



To AC 162.3 - 

t 

/ 

As sineof Csa** 31' 

Is to sine af A 33° 19' 
Bo is AB 98 



To BG 99.13 



9.74017 



m ■ " w 



9.95987 
1.99133 

11.93060 
9.74017 



3.31043 



9.74017 



I I I 



9.7273^ 
1.99133 

Ijl .71846 
9.74017 

1.97839 



By Ghinter^s Scale. 

I 

Extend tbe compAsses^ on the line of sines^ from 
33'' 31^ to 65'' i)6' the supplement of the angle B; that ex- 
tent will reach; on the line of uumber$^ from 98 to 163^ 
the side AC* 

Extend the compasses from B^ 2V to 33" 15' on the 
line of sines; that extent will reach^ on the line of nnnpr: 
hers; from 98 to 95, the side BG. "^ 

S. In the right-angled triangle ABC, are given the hy* 
pothenuse AC = 480, and the angle A« 53!" 8'. To find 
the base AB and perpendieular BC. 
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From 90* subtract the angle A s 03* 8^; tlie remain- 
der 36'' 52! will be the angle C. The angle B, being a 
right angle is 90'*. 



By Ctmstructiony Fig. 48. 

This may be constracted as in the preceding exam- 
ple ; or otherwise thus^ 

Draw the line AB of any length, and draw AC making 
the angle A = dd'' 8^ ; make AG ^^iSO by a scale of equal 
"j^arts, and from G draw GB perpendicular to AB, then 
ABC is the triangle required. ' AB^ measured by the 
sam^ scale of equal parts, will be 888, and BC will be 
384. 



By Calculation. 



As sine df B 90' 



T0AB888 



10.00000 



Is to sine of A 53° 8' 
So is AC 480 


9.90311 
S.68ia4 


\ 


±2.59*35 


ToBG384 

t 

As nm of B 90" 


2.58*35 
10.00000 

< 


Is to sine of C 30* 9S^ 
Sob AC 460 


9.7781» 
. S.68i:84< 




1S.45936 



i8.4!698S 
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/ 

V By Gunter'B Scale. 

Extend the compasses^ on the line of sines^ from 
90* to dS"" 8'^ that extent will rea^h^ on the line of nnm- 
bers^ from 480 to 384i the perpendicular BC. 

Extend the compasses^ on the line of sines^ from 
90^ tO' 36^ 9^, the complement of the angle A ; that extent 
Hvill reach^ on the line of numbers^ from 460 to 288^ the 
base AB. 

3. In the triangle ABC, are given the angle A cs 79^ 
as', the angle B s 34° 2^, and the ^ide BC = 139; re- 
qnired AC and AB. Ans. AC =:103.4>, and Afi = 91 JSt. 

4. In a right-angled triangle, there are given the an- 
gle A « d6° 48r, and the base AB = 53.66, to find the 
perpendicular BC and hypothenuse AC. Ans. BC = S3 
and AC <« 98. 

5. In the right-angled triangle ABC/ are given the an- 
gle A = 39** 10', and the perpetidicular BC = 407.37> to 
find the base AB and hypothenuse AC. Ans, AB « 
800.1^ and AC « 645, 

CASE 2. 



>' 



Two sides and an angle opposite one of them being given. 

to find the other (ingles and side. 



RULE. 



As the side opposite the given angte^ 

Is to the other given side^ 

Sb is the sjne of the given angle, 

To the sine of the angle opposite the other given side.* 

* This is evident from the danxonstratioiK of. the rule in the preceding case. 
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2^ Requtr^ the degrees aiid minutes in* the angle 
whogetftngeni is ^0.47464. Ans. Ti"" SS',- « - 



ON GUNTEl^S ^GAiil^ 



v» 



/ •/ 



GuNTERs' Scale is an instrument by which^ yfiih a 
pair of dividers^ the different cases in trigonoo^etiy and 
many other problems may be solved* - ' * 

» > r 

t ' 

• 1 

It has on one side^ a diagonal soale^ and also the lines 
of chords^ smes^ tangents and secants^ with seyeral others* 

On the' other side^ere ure several logarithmical lines 
as foUow : . « . 

The line of numbers mftrked J\ritm.^ is numbered from 
the left hand of the scale towards the rights with 1, JS^ 
3, % 5, 6^ 7^ 8^ 9^ 1 which stands in the middle of the 
scale ; the numbers then go on % 3, % 5, 6, 7^ 8, 9, 10 
.which stands at the right hand end of the scale. These 
two equal parts of the scale are similarly divided^ the 
distances between the first 1, and the numbers S, 3, 4^ 
&c. being equal to the distances between the fiddle 1^ 
and the numbers S^ 3, % &c. which follow it. The sub* 
divisions of i;he two pa^ts of this line are likewise simi- 
lar^ each primary division being divided into ten parts^ 
distinguished by lines of about half the length of the 
primary divisions. 

The primary divisions on the second part of the scale, 
are estimated according to the value set upon the unit on 
the left hand of the scale : If the first 1 be considered 
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as a UBit^ then the first 1; S^ 3, &c. stand fonl^ S^ 3^ kc. 
the middle 1 is 10^ and the 2^ By % &c. following stand 
for SO, 30, 40, &c. and the 10 at the right hand for 100. 
If the first 1 stand i^or 10, the first S, 3, 4, &c, must be 
counted 20, 30, 40, &c. the middle 1 will be 100, the 
second S, 3, 4, &c. Will stand for SOO, 300, 400, &C|, and 
the 10 at the right hand for 1000. 

If the first 1 be considered as i^ of a unit, the 3, 3,, 4, 
&c, following will be ■^, ^, tV> &c, and the middle 1, 
and the 2, 3, 4, &c. following will stand for 1, 2, % 4, &c. 

The intermediate small divisions must be estimated 
according to the value set upon the primary divisions. 

Sines. — The line of sines, ma,rked Sin. is numbered 
from the left hand of the scale towards the right, 1, 2, 3, 
4, &e, to 10, then 20, 30, 40, &c to 90, where it t^rmi- 
nates just opposite 10 on the line of numbers. 

Tan^enfe.— The line of tangents, marked Tan. be- 
gins, at the left hand, and is numbered .1, 2, 3, &c. to 
10, then 20, 80, 40, 43, where there is a brass pin, just 
under 90 in the line of sines ; -because the sine of 90** is 
equal to the tangent of 4d''. From 45 it is numbered to- 
wards the left hand 50, 60^ 70, 80, &c. The tangents of 
arcs above 45° are therefore counted backward on the 
line, and are found at the same points of the line as the 
tangents of their complements. 

. There are several ptiier lines on this side of the scale, 
as Sine Rhumbs y Tahgent Rhumbs^ Versed Sines, ^c; 
but those described are sufficient for solving all the proft^ 
lems in pkne trigonometry. 



« 
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, Remarks on Angles^ Trian^s, ^c. « 

i. If from a point D in a right line AB^ one or more 
right lines be drawn on th^ same side of it^ the angles 
thus/ormed at the point D will be together equal to two 
right angles, or 180**; thus ABE +EDB«two right 
angles, or 180° : also ADC + CDE + BDB « two 
right angles, or 180^. Fig. 35. 

S. Since the angles thas formed at the point D, on the 
other side of AB would also be equal to two right angles, 
the* sum of all the angles formed about a point is equal 
to four right angles or 860/ 

3. If two right lines cut one another, the opposite an- 
gles will be equal : thus AEC5=BED and AED=CBB. 

Fig. 36. 

4. The sum of the three angles of a plane triangle is 
equal to two right angles, or 180^ 






9. If the siim of two angles of a triangle be subtract- 
ed from 180% the remainder will be the third angle, 

6. If one angle of a triangle be subtracted from ISO"", 
the remainder will be the sum of the other two angles* 

7. Iq right angled triangles, if one of the acute angles 
be subtracted from 90% the remainder will be the other 
acute angle, 

8. The angles at the base of an isosceles triangle are 
equal to one another. 

g. If one side of a trialigle be produced, the external 
angle will be equal to the sum of the two internal and op-. 
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pQmie angles: tbus the external angle CBD, of thp tri- 
angle ABC^ is equal to the mm of the internal and op- 
posHe angles A and C. Fig. 37. 

10. The angle at the centre of a circle is double of the 
angle at the circumference^ upon the same base^ that is^ 
upon the same part of the circumference : thus the angle 
BEG is double of the angle BAG. Fig. 38. 

11. The angles in the same segment of a circle are 
equal to one another : thus the angle BAD is equal to the 
angle VKD ; also the angle BGD is equal to the angle 
BFD.Fig. 39. 

±2. The angle in a semicircle is a right angle ; thus 
the angle EGF^ Fig. 45^ is a right angle* 

13. This mark ' placed on the sides or in the angles 
of a triangle^ indicates that they are given; aiid this 
mark'' placed in the same way^ indicates that they are re- 
quired. 

PRACTICAL RULES FOR SOLVING^ ALL THE CASES 

OF PLANE TRIGONOMETRY. 

QASE 1. 

TTie angles uni one side of any plane triangle being 

given f to find the other sides. 

RULE. 

« As the sine of the angle opposite the given side^ 
Is to the sine of either of the other given angles^ 
So is the given side^ 
To the side oppoi^ite this other angle. ^ 

• DsMONSTRA^xoiir. Let A BC, ^ig. 40, be any plane triang^le, take B F 
C, and upon A B let M the peipencUculars C D and F £, which will be 
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JSffote. i. The proportions in trigonometry are worked 
by logarithms; thus, -from the sum of the logarithms of 
the second and third terms^ subtract the logarithm of the 
first term/ and the remainder will be the logarithm of the 
fourth term. 

2. The logarithmic sine of a right angle or OO"* is 
lO.OOOpo^ being the same as the logarithm of the radius. 

EXAMPLES* 

1. In the triangle ABC, there are given the angle A==^' 
B^ iSf^ the angle B= ll^"" 24', and consequently the an- 
gle Q = ar 2i% and the side AB= 98^ ; required the 
sides AC and BC. 

By Construction^ Fig. 41. 

Make AB equal to 98 by a scale of equal p^rts, and 
draw AC, making the angle A««32^ 16'; also, make thf 
angle B=H4?^ 24', and produce BC. AC, till they meet ia 
C, then is ABC the triangle required ; and AC, measured 
by the same scale of equal parts^ is 16S^ and BC is 99. 



the sines of the lUigles A and B to tlie equal radii AC and BF. Now the trian* 
gks BDC and BEP being similar, we have CD : FE : : BC : BF or AC, that is 
sin. A : sinr B : : BC : AC. In like manner it is proved, that sin. A : sin. C r t BC 
: AB. When one of the angles is obtuse the demonstration is the same. Hence 
it appears, that in any fflane triangle, the sides are to one anoUier as the sines of 
their o{>po^e angles. 

• This 98 may express so many feet, or yards, &c., and the other sides Vill 
be of the same denomination aS the given side. ' 
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45 



By Calculation. 

As sine of the angle G 33° 31' 

Is to sine of tibe angle B 114° S4<' 
So is AB 9 



To ^C 163.3 



974017 



•—•••■ 



9.95937 
1.99133 

11.95060 
9.74017 



3.31043 



As sine^of C 33** 81' 

i "• 

Is to sine af A 33^ 19' 
Bo is AB 98 



To Be 95.13 



9.74017 

■■>■ 

9.7373^ 
1.99133 

ljl.71846 
9.7W17 

1.97^9 



By Gunter^s Scale. 

Gxtend the compiisses^ on the line of sinets^ from 
aZ** 2i^ taSS^ ^6' the supplement of the angle B; that ex- 
tent will reach; on the line of numbers^ from 98 to ±62, 
the side AC. 

Extend the compasses from 9^ 21' to 3S^ 15' on the 
line of sines ; that extent will reach^ on the line of nunpr^ 
bers; from 98 to 95y the side BG. ^ 

S. In the right-angled triangle ABG^ are given the hy- 
pothenuse AC =» 480, and the angle A « 53"* 8'. To find 
the base AB and perpendieulair BC. 
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From 90^ subtract the angle A s 53* 8^; tlie remam- 
der 36'' 5^ will be the angle C* The angle B^ being i 
right angle is 90^ 



By Canstructioriy Fig. 4*. 

This may be constructed as in the preceding exam- 
ple ; or otherwise thus^ 

Draw the line AB of any lenf^tli, and draw AG making 
'the angle A == 53" S' ; make AC s 480 by a Acale of equal 
'^arts, and from G draw GB perpendicular to AB, then 
ABC is the triangle required. ' ABj measured by the 
sam§ scale of equal parts, Will be 388, and BC will be 
384. 



By CtUcidation. 



As sine df B 90° 

Is to sine of A ^3** 8' 
So is AG 480 



ToBG384 



10.00000 

9.90ail 
S.68ia4 

12.58439 

2.38439 



As sine of B OO'' 

lit to sine of C 30* 5S^ 
So is AC 460 



ToAB388 



10.00000 

9.7781» 
2.681$4 

12.45936 

S.4098($ 



]»LANE TRIGONOMETRy. #7 

By Gunter^0 Scala. 

Extend the compasses^ oa the line of sines^ from 
00* to dS"" 8^ that extent will reaeh^ on the line of num- 
bers^ from 480 to 384 the perpendicular BC. 

Extend the compasses^ on the line of sines^ from 
90^ tO' 36^ dSf^ the complement of the angle A; that extent 
v^ill reach^ on the line of numbers^ from 460 to SSS, the 
baseAB. 

3. In the triangle ABC^ are given the angle A » 79^ 
SS', the angle B st d4^ 2^^ and the ^ide BC s ISd; re- 
quired AC and AB. Ans. AC sl03.4^ and AB = 91 .87* 

4. In a right-angled triangle^ there are given the an-< 
gle A » 56^ 48", and the base AB = 53.66, to And the 
perpendicular BC and hypothenuse AC. Ans. BC =r 82 
and AC « 98. 

5. In the right-angled triangle ABC/ are given the an- 
gle A = Sg"* 10', and the perpendicular BC « 407.37, to 
find the base AB and hypothenuse AC- Ans. AB === 
800.1^ and AC « 645. 

CASE 3. 

Two sides and an angle opposite one of them being given. 

to find the other angles and side. 

RULE* 

As the side opposite the given angle, 

Is to the other given aide. 

Bo is the sine of the given angle. 

To the sine of the angle opposite the other given side.* 

* Tbis 13 evideiit from the danonstratioii ofthe rule m the preceding case. 



4S l^LANE TRIGOlfOMETRY. 

Add the angle thus found tQ the given angle^ and sub* 
tract their sum from 180% the remainder will be the third 
angle. 

After finding the angles^ the other side may be found 
by case 1. 

J^ote. — ^The angle found by this rule b sometimes 
ambiguous^ for the operation only gives the sine of the 
angle, not the angle itself ; and the sine ,of every angle 
is also the sine of its supplement. 

When the side opposite the given angle is equal to, 
or greater than the other given side, then the angle op- 
posite that other given side isl always acute ; but when 
thia is not the case, that angle may be either acute or ob- 
tuse, and is consequently ambiguous. 

EXAMPLES. 

i. In the triangle ABC, are given the angle C = 33* 
21', the side AB = .g8 and the side BG =.7912; re- 
quired the angles A and B^ and the side BO. 

By Construction^ Fig. 43. 

Make BG = .7913 by a scale of equal parts, and 
draw GA, making the angle G = 33^ 2V ; with the side 
AB — .98, in the compasses, taken from the same scale 
of equal parts, atid B as a centre, describe the arc ab, 
cutting AG in fhe point A, and join BA ; then is ABC 
the triangle required : the side AG, measured by the 
scale of equal parts will be 1.S4, and the angles A and 
B, measured by a scale of chords w ill be 2%^ SI' and . 
i2(f iSf. 



'» • • ■> 






♦ . •* 1 . • 



1*» 



•Here the fttc ab ciits AC in- one- point only, because 

AB b^ greater than BC ; therefojre theangle- A ia aeute^ 

*and not ambiguous! ^ , • 

• * 

By Calcvi^tien^ It 

'•. i, ' ' ' ■ • , • « ^' ' • 



#.^ 



.-^. • * 






Sois;8meof C, 33*S1' -r .'d.74617 



9.6384a 






« 



Ti> si^eAof A,'lS8* ti/ •. *^ »,. «^..64?a8 . 



Ir 



«^*To the angljB<6 = j^S" 81', Jkdd tha angle A « Sft» «!', 
andrthe sum fe«9* 42r?^icli%uii(tr»cted'from 18d%leav0» 



J . tlfe angle B .«' ISO" fer. r j. 



t • 



""* • . ♦ *' ^» *• 



. ? , As sine of q; 83*^' • • * ,, • 9.7*017 

93631 
09133 

-II Nil iy 

9S744! 



..-. . :>^'^^^nhof*^ymh0\>'^^.>. *V9.936S 

« * • * * »*J ' ♦ * '' *■ * « ^ i * .' Ill > 

V.C • . - • • I .'. -9.9374 












• • ♦. 



* • • ».' 






. • • *, IJxtendthe comjpas^es^from .98 to .79 on the line 
* oTflupibeBe, that Went wijl reach from 38** 2V to S6° SI', 
thS'jfhgle A, onlheT&ue^of sines. , 

I. Add the angle A «*S6' 21' to the angle « 33'* SI', 
and.the sum will be 6ff* ^S'; then extend the compasses 
from 33° SI' to 59° 4SVon the line of sines, that extent 
will reach from .98 to l.S*, the side AC, o^ the line of 
numbers. 



90 PliAMB TRI6Oit01ttTKT» 

8. In the triangle ABC, ue given the m^ •■ SS* 
SI', tke side BO » 95.1^ and the tide AB « 60, to find 
the angles A aftdiB, and the side AG. 

• • • 

* '*By p^MtfUctiauy fig. 44 



» • 



This is eonstnicte^w the salne maimer as the pit^e- ' 
disg estample; onl/AB^ being shorter than 3G^ the 
arc db eats AG iir t^p points on the same side of BG ; 
hence the angle A may be eithev acute or obtuse. Th» 
side required hi^k^li^o two values as AjC and AC* < 

AsAB, 60 / -'. - .- ' l.77Si5 , ' 
Is ioBC, 9^.12 1 .-'.,- ,• ,1-97827^ * 

So is sittfe p, '38'.;^J «. * * '. , ' 9.74017' ; ' 



♦ ■ *. - » 



11.718^*' • ;.*' 



The 
leaves the 
be obtuse 



oum of the anglesjC And A subtracted frdb 1^ "^ ' 
the angle B - 86° 1' if A bp aou(«,.t>rS7' if if .A* "* 



4 >- • . 



To find the side AG answering to^ ihf acute y^m^f 
Hie angle A. '^ '• • * * ^ -# • 

As sine o( C, 33''2l' * * * - • '. 9-74017 > ,. 

Is to sine of B, 86° r •' '.. 9.9989$ 
So is AB, 60 . - - 1.77815 

41.77710 



To AC, 108.79 . * 8.0369S 



t 

• » 



I 

^ ' * PLAKB TIHGONqs^iiTllY. *. r .,. ft 

to «nd ttte *ide AC, answurins to 0*6 olitaie vulue of 






! • 

» ' Is to siae rfB, leriT -^ >9.6W84 

» . • Boi«AB^«> - % l.TTBlff 

. il.439^ 






To AC, 50.011 ^ - 1.6998S 



8. Ill a triangle ABO, the ude AB is SJ'4, AC 30«, 
and the ai^le B 78» 13^; required the« angles A and p, 
and the side BC. Am. A - 4<r 33^,^C =; 61" 14(, and 
BC«=S03.«^ . *■' 

•It. In a rig^t angled Mangle, tkere are given the hy* 
pothenuse AC = ^7®, und the baie AB := S3S 5 to find 
ike angles A and C, and the perpendicular BC. Ans. 
A " Bi° 28^, C « 98" BSl and BC « 1*8. 



«» 



1^ J ^ «. In a right wigled triangle ABQ, the hypothennse 
: ;LC is 150'aa.d.one side BC 69 ; required the aisles and 
. -^ther «ide. Ans. C - 62° IT*, A - »7« !83r and AB 

CASE S. 

>^ Tir(? sides and the included angle being gken, to find 

the other angles and mie. 

RULE. . 

Subtract the given angle from i8(f, and tlie remain* 
der will be tbe sum of tile two unknown angles. Tlien ; 






/ • 
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Ais the/sum Qf'tlie two«giveii sideSji 
Is to their jdiffe.reii<;e ; • v " * * . . 

So 1161 th^ tah*gent'*of li^ the sam of the two iin« 
koowti angles^ . ' 

To the tangeiil; of half their difference,^ 

• • '^ . * ' 

This half ^iffi^'rei^ce ol the two nnknowii angles^ add- 
ed to their ialf sum^. will give the angle opposite the^ 
greater of the two given gides, and being subtracted fro^i 
the half suui^ will give the angle opposite the tess^ given 
side. . 

After finding, the angles^ the otb^ side may be foand 

by Case 1- ■ *' 

« 

* ♦ , • \ 

* DsMolrSTiELAti^okf Let ABC, ¥\g. AS, be the proposed triangle^ haying 
the two given sides ^B»'AC> including the given ang^e A. Abo'ut A as a cen- ] 

tre, with AC the,git:ater bf ti)e given eiies, for a diftance, describe a circle j 

meeting AB produced in 1^ and F, and BC in D ; join BA, GC^ -and FC, and 
draw FG paraU61*to BC, meeting EC in G, 

The angle ^ AC (32/1.) is' equal to the turn of the unknown angles ABC, 
ACB, and the ang^e EFC>«at the circumferenee is equal to (be half irf* EAC tt , 

the centre (20. 3^) ; therefore Efi^ is half the sum of the unknown angles ; bat , / \ 
(32 1.) the angte ABd* is'^equai to ' the sum of the ^gles BAD and ApB or *^ , J 
BAD and ACB ; ^thelTeioFe FAbis the dif^fence of the unkiiDv^ angles^ABC^' ' 
ACB, and FCD, at the Cirtumfg'dQce^ the half 9f li^^t difiere^e f but becaus^ 
of me parallels DC, FG, the anglfes GfC^^CD arc equal, therefore GFO is equaT 
to half the diiference of the unknown ^ngjes ABC, ACB^ but «inpe th^ angle 
ECF in a semicircle,'. is a right angle,' EG is perpendicular to CF, an^ therefqr^ 
CF being radius, EC,^CG are the tangents of the angles* £FC, CFG ; it is afso . 
evident that EB is the sun\ of the sid^^ BA, AC, and thai BF is their difference ; ^ 
therefore since BC, FG «e parallel EB : B¥* : : EC : CG (2. 6.) ; that' is, the i^ 
sum of the sides AC, AB^ is to 'their difierenee, as the tangent of half the4iu]h 
of the angles ABC, ACB> is to" the tangen^ of half j:heir difference. • 



•♦ 






To demonstrate the latter paH of , the rhlej let AC and AB, Fig. 4^, represent- 
any two magnitudes whatever; in. AB |>roduced take BD equal to AC the lesi;, 
and bisect AD in B. 

Then because AE is equal to ED and AC, to BD,CE is equal to BB; there- 
fore AE or ED is half the sum of the given magnitudes AB, AC; and CE or EB 
is half their difference ; but AB the greater is equal to A£, EB, that is to half 
the sum added to half the difference, and AC the less, is equal to the excess of 
AE, half the sum, above CE, half the diiSerepce. 



- -^ 









»i* 






1. Ib (be triangle ABC^, there are giv^rAQ «» IS^' 
AC » aOf and the angle ^^^\iS!,sU3^1iaA IhVaiig^les 
B and C> andtlie side BG^ ' 



J?^ C!cm8frttQfeW,^Fig/47. 



# 



Dmw AB = 128^ tnd make the angle A «=*4^° ISTj 
draw AC ^90^ and jom ^(S. The angle B "ikrill mea- 
suriB 44^ 3y'/the angle C iSf 11', anyd the sid^ BC 9$ J . . 



\% Calctdaiian. 






>». 






AB ' 488 - * ~ « , . ' .480^,0' 

AG 90 ' ^ ^ngle A- *, .' ., 48 13 

... 'l - » * 



> A 



SoBi v S18' 9am ^ the angles and C i^31 46 • 
i)iff6reiic6 ' 38 '"* HaliT sum do< ' 63 Sis 

AstliesuBi^thVsides AS/AGyS18 ; - 2^3846 
% Uk their dtffefcnce, 38'^ ,- - ' 1.57978 

So i«{]j[e tftnc. of half sum of uigl. B & G, 66" 54' ia34938 



.» ♦ ' 



11.9S916 



To taog. o[ half thteir difierencey H" 17' 9.59070 

Half enm of the angles B and G 65'* 54' 

Add and subtraet half their difference 31 17 

Angle , - - 87 11 

Angle B.' . • . 44 37 
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I 

Jo fiid tlM «i4e BC. * 



AsfthieofB 
l» to fline of A 
So is AC 




9.9MW 




' 11.8S607 


* To fiC 


'l.gSOH 



4.' 



Extend the compasses from 818^ the Myn of (he sidesji 
to 38^ tjieir difference ^ qn th^line of numbers, and yply 
this extent to tke line of titogents from 45^ to Ihe left 
hitnd ; thgn keepiiig th^ left leg of ^ the campasies fixed^ 
move the other leg to 6s^ 94'^ the half sam <rf^ the angles ; 
that dii^tance wilVjr^ach fr^nii'^'' ^m^ the fame line, to 
21^ ITy th^ half difference of the required angles. 
Whence the ancles arft obtained a9 i^eibre. ' ^ 

To extend the secon4 propoAioOip prcfetq^ mf dirict^ 
incase Ist, , « . * . '•. - 



2. In a triangle ABC, are given AB ^ 109^ ;BC ■=7«; 
and the contained angle B «<» lOl^" BOf, ^ find tfar other 
angles and side. Ans. The angle A «« 30'' 5/, C = 47* 
83', and the side AC « 144,8. . , 

8. Given, in a right angled triaiigle, the base AB == 
890 and the perpendicular BC » 787^ to find the angles 
and hypothenuse. Ans. Tho angle A « 41*" )^ C «* 48* 
31', and the hypothennse AC * il88. 



» 



• 



. 



*" X 



. ri«AN£ TKIGONOMBXKT. ,- j(A 

.*, .. CASfi 4*. - IT 

^Given the three sidiesy to find l^e angles. 

KULE. ^ * 

-Consider the Icmgest sidt of Ae triarfgle ^ th9 bMe^ 
and' on Ift let fall a perpendicojar from this" 'opposite a,a« 
gl^. This perpendicular' wiU divide ttfi l^e ipto tvo 
parts, called segmelMs; Und the whdTe triangle into two 
right angled trian^lf s. Tken^ \^ ' , 



» A 



¥ '■ * '*• ■ i 



As the' hase^ or sum oftth(^ isegni^nts^ * 
Is to th^ suuKof the oth^, tiro sideft; ^ ^ * • 

So lA tile 4iffer^c^vof th^C^^idesi^ - * . "^ 
To the diffeiencfe <>f tlyi s^iiieittfir^oi? tHe^ base.^ * 

* DtMOBiTRA.'^ini. Let ABC, fig, 4S»1)e ft«trkmgle> and CD be perpendl' 
» « ^cular upon AB| A^ut C as »,tent^wtth tht itsa fide ]fe f<fr a radiv^,! ^e- 

* sonbe » circle, ineetiJig^.AC pt|ch^c^9 in O and E«- tnd AB^ F. The^ it is 
evident tlmt AJgth equal IdKhe sum of dias^es AC, BC, ^d that AG is equal 

^ '4x} thei4^,4ifieno4»} atooJyeeaa^'CD hmct» FB (o. ^, it is ^plain that AF is the 

I * i&Sfftaat of the segments, o^ tl^^batv; W AB X AF = A|^ X AG (:i6. 3. 

► cor.) i therefore AB% AE ??AG ; AF<lf. 6); that is, the base, is t6 the sum 

^ ' of the sideB,%s th^dij^erel^^ tl^e eideSf b tp ^e difibrence of the segmei^ts of 

♦.' tjie'baaf. •^ / * > , • '^ \ ^ r 

^ «' # Cor. If4ja.be considei^ t])^%tee of flfb t^gte AI^. than wiU CD be a 
^ , . ^ perpeniicular oivthe basebroduce^"^ ARirfll be'equin to the sum of the sides 
AO^ FG^ and AG^wftl oe equal to theic di%rence i ilao AB Vill be equal to the 

* sum of the segi^fttts'^AD, FDl Biit'by the preceding demoi^tnation and (16. 5)^ 
t Ali : A'E^i AiGr : AB ; ben^ wheg the pei|>endi;pular falls without the triangle, 

the ba^e,'is to the 'sum of Che sides, as the difference of the sides, is to the sum 
of tfte sagiheiltB of the^base. 



*»r 



^ 



«i 



If 



A rule might, therefore, be giren, making either side of a triangle, the base $ 
and suck a ruHi wotdd be rvther mc^ convenient, |n some cases^ than the onsi 
afioVet. but \hen,.on Mscount of the perpen^cuUr, siMnetimes falling within, 
and sometimes without the triangle* \t would require two cases, and conse* 
quently would be less simple. 

The ibfiowiflg rule, by which the necessity oi letting &11 a perpendicular is 
obviated, la de^wed fron » prop^Mtion, demftnitrated by most wrUers on trt» 
gonomfitry. 



* (Hi t PLAKE TRIGOlfOlCETRT^ 

To.hatf the Jbase^ add half the diflerenee of the seg- 
ments ^^nd the i|pm will be the greater segment $ als^ 
trhfa half thp biase^ subtract half the difference' of the 
ffegmeptl^^ and. the remainder will be the less segmeat. 

Xhen^^n each orthetifo* right aagled triangjlesy there 
, , tnU b% kRf^n tiro sides^ an<l ah angle opposite to one 
• of, them ; e<|^eqaently the others angles may be found 
by^seSad;- i ; . ' . 

,1. ,In*tVfa-iangle^:ABC^ are giveii AB =^ *S6^ AO — 
•sis^^ a&d*BC'^^3p3>eqjaired the angles* 



, , _ '^ i» . » . i 






* JDraw* AB » W; -wilh*, AC «**JeS^ in 4he iividere, 
and 'one foot^n A, descHbe an -arcr^'^aQd y^rfth BC ss 830, ' 
and one^fqat iuB ilescl^Q Jincdilief' arc, . cu1;|tipg th^ for-' 
mer in C ; join AlX BG^ hiaii'A^^ i^ill be 4he triangle« ' 
reqiiire/d. /She angles mpasurid; 631!^ scjpla of choi'ds^ . 
' will be A « 3fc" 39^,. JB-f 58°^6' and.<3 « «igr iS'v * " * 



« { 



I I 



AC , . - ' - .; 365.; 1 ■ i ;: ■' ;•/.• 

BC -: * ' •■ . 830. ' \* .. \ \\ 

Sum - * • *fl3 ''/'." ' 



Difference . - 135 * 

To the arithmetical complements of the logarithms of the sides containing 
tiie required angle, add the logarithms of half the sum of the three sides, and 
of the diifefence between this half sum and the side opposite the required an- 
gle ; then haU* the sum of these four log^vrithm wiU be the loganthftuc cosii^e 
of half the required angle* 
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Sff 



As the base AB . < 436 8.68941 

Is to the sum of the sides ACvBG 999 S.77409 
So is the diff. of the sides AC> BC 139 S.13033 

4.90469 
To the diC of the segments AD^ DB 188.6 &»7Mi 



Half diffl of the segments 
Half base 

Segment AD 

Segment BD 

As AC 
Is to AD 

So HI dine of ADC 



To sine of AOD 



Afigle A 

AsBC 
IstoBD - 

So is sine of BDC 



« .* 



T»siaeefBG0 



Aa^ B 



94.3 
Si3. 

307-3 

ua.7 

369 d.06SS9 
307.3 8.46796 
90' 10.00000 



18.48796 



37*81' 9.98987 
90 00 



98 39' 



t m 



830 8.36173 
118.7 8.07449 
90° 10.00000 



18.07449 



81' ^ 9.71878 
90 



MHaMltaMi 



98 96 



From 180" subtract the sum of the angles A^ and B; 
91° Blf, aad the remunder 88° 89' is the angle C. 

H 
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By Gunter^s Scale, 

Bxtend the compasses from 426 to 699 on the liae of 
nambers^ that extent will reach on the same line froin 
139 to 188.6 the difference of the segments of the base. 
Whence the segments of the base are fonnd as before. 
To extend the other proportions^ proceed as directed in 
case Snd. 



S. In a triangle ABC^ there are given AB » 64^ 
AC =■ 47^ and BC » 34 ; required the angles. Ans. 
Angle A « 31^ 9', B = 45^ 38', and C « 103*^ 13'. 

3. In a triangle ABC, are given AC «= 88, AB = 
108, and BC = 5% to find the angles. Ans. Angle A » 
29** 49', B « 54^7'; and C =« 96'* *. 

The four preceding rules solve all the cases of plane 
triangles, both right-angled iind oblique. There are 
however other rules, suited to right-angled triangles, 
which are sometimes mote couvenient than the general 
ones. Previous to giving these 'rules, it will be neces- 
sary to make the following, 

Remarks on rigftt-angled triangles. 

% 

m 

• 1 . ABC, Fig. 90, being a Hght-angled triangle, make 
one leg AB radiui^, that is^ with the centre A, and dis^ 
tance AB, describe an arc, BF. Then it is evident that 
the other leg BC represents the tangent, and the hypo- 
.thenuse AC the secant, of the arc BF, or of the angle A. 
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2. In like manner^ if the leg BC, Fig; 51, be made ra- 
dius ; then the other leg AB will represent the tangent, 
and the hypothenuse AC the secant, of the arc B€r, or 
angle C. 

3. But if the hypothennse be made radius; then eaeh 
leg will represent the sine of its opposite angle; namely, 
the leg AB, Fig. 5S, the sine of the arc AE or angle G, 
and the leg BC the sine of the arc CD, or angle A. 



Hhe angles and one side of a right-angled triangle^ 
being giv&n to find the other sides. 

RULE. 

Call any one of the sides radius, and write upon it the 
word radius; observe whether the other sides become 
sines, tangents or secants, and write these words on them 
accordingly. Call the word written upon each side the 
name of that side. Then, 

As the name of the side given. 
Is to the name of the side required; 
So is the side given, 
To the side required.* 



* DEMONSTftATioir* Let ABC> Fig. 55, be a right-angled triangle; then it 
is evident that BG is the tangent, and AC the secant, of the angle A, to the ra- 
dius AB. Let AD represent the radius of the tables, and draw DE perpendicu- 
lar to AD, meeting AC produced in E ; then DE is the tangent^ and AG the se- 
cant of the angle A, to the radius AD. But because of the similar triangles 
ADC, ABC, AD : DB : : AB 1 BC ; that is, the tabular radius : tabuUr tangent 
: I AB : AC. Also AD : AE : : AB : AC ; that is, the tabular radius : tabular 
secant : : AB : AC. These proportions correspond with the rule. When either 
of thd other sides is mside radius, the demonstration will be similar. 
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Two $ide$ of a right-angled triangle being given, to 
find the angle$ and other side. 

RULE. 

Call any one of the given sides radius, aod write oo 
them as before. Theii^ 

As the side made radius, 
Is to the other given side ; 
So is radius, 
To the name of that other side,* 

After finding the angle, the other side is found as in 
the preceding nile^ 

EXAMPLES^ 

!• In a right angled triangle ABC, are given the base 
AB = 308, and the angle A = BS" 16', to find the hypo* 
thenuse AC and perpendicular BC 





By Calculation^ 




The h)fpothenuse AC being 


radios. 


A 8 the sine 


of C^ 54* 44f 


g.91194 


Is to radius 


- 


10.00000 


So is AB 


S08 


S.31806 



am—mm^ 



1S.31806 
To AC 864.7 - S.4061S 



* Tbis is die aamsnt of Ae preceding nile. 
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As the sine of G, 6^ 44' 
Is to the jsine of A^ 35 16 
So is AB, 908 



ToBC, 



145'.! 



9.911iN! 
9.76146 
8.31806 

12.07952 



2.16708 



6i 



The base AB heipg radius, 



As radias 

Is to secant of A, SS" 16' 

SoisAB> 308 



To AC, 



^94.7 



As radias . 

Is to tangent of A, 39"* 16' 

So is AB, 208 



ToBC, 



1*7.1 



10.00000 

10.08806 

2.31806 

12.40612 

2.40612 

10.()0000 
9.84952 
2.31806 

12.16768 
2.16758 



The perpendicular BG being radias. 



As tangent of C, 54" 44' 
Is to secant of C> 54r 44 
SoisAB, 208 



10.15048 
10.23854 
2.31806«i,. 

12.55660 



To AC 



254.7 



^^ 



2.40612 
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As tangent of G, 54" 44^ 
Is to radiuS; 
So is AB, 208 



To BC, 



147.1 



10.15048 

10.00000 

2.31806 

12.31806 

2.16758 



2. In a right-angled triangle ABC, there are given the 
hypothenase AC = 272, and the base AB - 232; re- 
qnired the angles A and C, and the perpendicular BC. 



By 


Calculation. 




The bypothe 


nnse AC being 


radius. 


As AC 
Is to AB 

So is radius 


272 
232 

58" 33^ 


2.43457 

2.36549 

10.00000 


• 


12.86549 


To sine of C 


9.93092 


As radius 

Is to sine of^A^ 

So is AC 


31'28' 

S7S 


10.00000 

9.71767 
2.48457 


■ 


12.15224 



ToBC 



14^ 



2.15224 



1 
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The basie AB being radios. 



As AB 
Is to AG 

So is radius 



333 

272 



To secant of A 3i' HSl 



S.365-19 

S.434!67 
10.00000 

12.4!34>S7 
10.06908 



As radius . . 

Is to tangent of A 31° SS" 
So is AB S32 



ToBC 



143 



10.00000 
9.78675 
S.36d49 

12.15234 
2.15224! 



3. In a rightangled triangle^ are given the hypothe- 
nuse AC = 36.57, and the angle A = 27° ^C, to find the 
base AB, and perpendicular BG. Ans. Base AB ^ 
83.36, and perpendicular BC « iTSyh. 

4. In a right-angled triangle, there are given, the per- 
pendicular »> 193.6, and the angle opposite the base 47^ 
31'; Required the hypothenuse and base. Ans. Hypo- 
thenuse ^ 388.5, and base ^ S13.9. 

5. Required the angles and hypothenuse of a right- 
angled triangle, the base of which is 46.7^^ and perpen- 
dicular 67* 9* ^ns. Angle opposite the base 38" 54f, aa- 
gle opposite the perpendicular 51'' 6', and hypothenuse 

74.4. ' 
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When two sides of a right-angled triangle are given^ 
the other side may be found by the following rules^ with- 
out first finding the angles. 



1. When ike hypothentiM and one leg are given^ to find 

the other leg. 

RULE* 

Subtract the square of the given leg from the square 
of the hypothenuse ; the square root of the remainder 
will be the leg required.^ .Or by logaritluns thus^ 

To the logarithm of the sum of the hypothenuse and 
given side^ add the logarithm of their differenee ; half 
this sum will be the logarithm of the leg required. 

S. When the two legs are given to find the hypothentise. 

RULE. 

Add together the squares of the two ^ven legs ; the 
square root of the sum will be the bypotheaiMie*^ Or by 
logarithms- thus^ 

* DsMONSTRATioy. The sqaare of the hypothenuse of a ri|;ht.angled tri- 
an^ is equal to the Bum of the squares, of the sides (47.1). Therefbrt the 
truth of the first part of each of the ndes, is evident 

Put h sss the hypothenuse,, b. as the base, and /^ ss the perpendi- 
cular, then (47. 1) fi^ =* A« — fia « (5.2. con) h + bx h—bj or /i = 

VA + dxA — b\ whence from the nature of Iogarithnis> the lat- 
ter part of the first rule is evident* 

-^— ^ — J j^ =={ 

Also (47.1.) A» « d^ + /i* «: d X * + y,or A ^Jb X 3 + ^ 

which solved by logarithms will correspond with the latter part of 
the second rule. 



PLAKE TRIOOKOMETBY. 69 

From twice the logarithm of the perpendicular^ sub- 
tract the logarithm ^ the base^ and add the correspond- 
ing natural number to the base ; then^ half the suqi of the 
logarithms of this sum, and of the base^ will be the loga* 
rithm of the hypotbenuse. 

EXAMPLES. 

1. The hypotbenuse of a right angled triangle |s S7% 
and the base S8S; required the perpendicular. 

Calculation by Logarifhina. 

Hypotbenuse 27S 

Base • S3S 

dum - 004 log. 3.703^ 

Difference 40 — 1.60^06 



S)4.80449 



Perpendicular 14S — S. 15234 

8. Oiven the base 186, and the perpendicular i5% to 
find the hypotbenuse^ 

Calcuiatum by Logarithms. 

Perpendicular i52 log. S.18184 

3 



Base 


186 — 

134.3 


4.36368 

3.36991 • 3.36951 




3.09417 




810.3 


log. 3.49164 
3)4.76 1 15 


Bypothenus^ 


340.3 
I 


log. 3.38007 



9. Th^ ||.7|MbeDuae being 9V6Q ^fual 40t^ aii4 one 
leg ^i{ miuiDed the oilier leg. Am. 1Mi8.7- 

« 

4. What is the hypotbenuse of a right-angled triaogle, 
the base of which is 31.0^, and perpendiciilar 27.S. 

Ans. 41.27. 



The follop^iBg examples^ in which trigraoMetry is ay - 
plied to the mensuration of inaccessiblt^ distances and 
heights^ will serve to render il» fliodent expert in solv- 
ing the different cases^ and also to elucidate its use. 

Hie Application of Plane trigonometry to the Mensu- 

ration of Distances and Heights. 

]EiX AMPLE 1. Fig. 04. 

Being on one side of a river and wanting to kaow the 
distance to a house on' the other side^ I measured 500 
yards along the side of the river in a right line AB, and 
found the two angles^ between this line and the object to 
be CAB « 74^ i4f, and CBA. « 4^ S3'. Required the 
distance between each station ^and the object. 

r 

Calctdation. 

T)i« sam of the angles CA3 and CBA is 193° 37', 
Tirhich snbtracted from IBO** leaves the angle ACB ■" 56° 
SS'. Then by case i{ 

i TM HV^ piy be taken whk a siKtMyot^ compass or soy otlier siBrilar 
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S. AGB : S. CBA : : AB : AG 
06°Sa' WiSi 600 450.8 

aiid « 

a ACB : S. CAB : : AB : BC 

56^28' 74^14^ 500 877-8 

Suppose I want to know the <U9tanee between two 
places A and B^ atccessible at both ends of the line wAB^ 
and that I measured AO ^ 735 yards, and BC «p 84i(>; 
also the angle ACB — bW" 44/. What b the dbtsMe be* 
tween A and B ? 

Cidcuiation. 

The angle ACB - 55'4ff, being subtracted from 160% 
leaves iM' nff; the balf of whielt is ^» i(f. Then by 
ease 3. 

n^ . A/^ i»n */^ . CAB + CBA "_ CAB— CBA 
BC + AC : BC-~ AC : : tang. -. — — ~ : tmg; —^v 



i^pw mj tii I II I'l 



1575 105 62^ l(/ r* ly 

» r"" 12' and we shall have CAB aa ed"* 23', and CBA as 54'' 58'. 
Then, 

S. ABC : S. ACB : : AC : AB 

54*» 58' 55^ 40' 735 741 

EXAMPLE 3. Fig. 06. 

Wanting to know the distance bet wew two inftceeaai* 
ble objects A and B, I measured a base line CD «■ 300 
yards : at C the angle BCD was 58*" JBC and ACD 90** 
2(/; at D the angle CD A was 03^ atf and CDB 98^ 410". 
Re^olred the distanee AB. 
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Ca2ctt2afiott. 

1. In the triangle AGD; are given the angle ACD ^ 
95° SO*; ADC » 03** 30^; and the side CD -> 800, to find 
AC = 465.98. 

S.' In the triangle BCD, are given the angle BCD ss 
58* t^y BDC -> 98° 49^ and side CD - 800, to find BC 
- 761.47. 

8. In the triangle ACB we have now given the angle 
ACB - ACD — BCD = ST, the side AC = 465.98 
and BG - 761.47, to ftnd AB -> 4798 yards, the dis- 
tance required. 

EXAMPLE 4. Fig, 87. 

* 

Being on one side of a river and observing three ob- 
jects k.j B and G stand on the other side^ whose dis- 
tances apart 1 knew to be^ AB =» 3 miles^ AC » S, and 
BC '^'.l.S^ I took a. station D^ in a straight line with the 
- objects A and C» being nearer the former^ and found the 
angle ADB = 17** 47'. Required my distance from each 
of the objects. 

Construction. 

With the three given distances^ describe the triangle ^ 
ABC ; bisect BC in F and draw FE perpendicular to it; 
draw CE making the angle BCE « 72«? IS' «■ the cqm. 
plement of the given angle ADB ; with E as a centre and 
distance EC/ describe the circle BCD, meeting CA pro- 
duced in D : then AD, CD and BD will be the distances 
required.* 



* Demonstration. By coiuitnietioii the distances AB, BC snd AC are 
eqoMl to thie fgcwk distances s also the wffia CSg is equal to the given angi^ 



PLANS TRIGONOMETRY. 69 



Cidculatian. 

1. In the triangle ABC we have all the sides given, 
to find the angle C « 104^ ST. 

S. Subtraet the sum of the angles D and C from 180**, 
the remainder S8* S' will be the angle DBC; then in the 
triangle BCD wS know all the angles and the side BC 
to find DC « 5.003 and DB « 5.715 ; therefore DA =» 
DC — AC = 3.003. 

EXAMPLE 5. Fig. 58. 

from a station at D, I perceived three objects A, B 
and C, whose distances- from each other I knew to be as 
follow : AB = 12 miles, BC »=» 7.S miles and AC « S 
miles } at D I toojt the -angle CDB « 25*^ and ADC « 
190. Hence it is required to find my distance from each 
of the objects. 

Canstrtiction. 

With the given distances describe the triangle ABC ; 

at B, make the angle EBA «= lO"" *= the given angle 
ADC, and at A, make the angle EAB » 25'' » the given 

angle BDC ; draw AE and BE meeting in £, and (by 

prob. 10.) describe a circle that shall pai$& through the 
points A^ E and B : join CE and produce it to meet the 

circle in D^ and join AD^ BD^ then will AD; CD and 

BD be the distances required.* 

for it is the cotnplement of the angle EOF ; but the angle CEF is equal to halt 
the angle CEB; the an^le CBB is also equal to half th^ angle CEB (20. 3) ; 
therefore the angle COB is equsJ to the angle CEF, and consequently is equal 
to the given angle. 

* Demonstration. The angle ADC standing on the same «*e lirith the 
angle ABE is equal to it (31. 3.). For the same reason the angle BDC is equal 
td the angle BAE ; but by construction the angles ABE and BAB are equal to 
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As tangent of G, 04<' 44f 
Is to radius^ 
So is AB, 308 



To BC, 



147.1 



10.15046 

10.00000 

3.31806 

13.31806 

3.16758 



3. In a right-angled triangle ABC, there are given the 
hypothenuse AC = 373, and the base AB - 333; re- 
quired the angles A and C, and the perpendicular BC. 



By 


Calcidation. 


The hypothe 


nuse AC being radius. 


As AC 
Is to AB 

So is radius 


373 - 3.43457 
333 • 3.36549 

10.00000 


/ 


13.86549 


To sine of C 


58" B2 9.93093 


As radius 

Is to sine of^A, 

So is AC 


. . 10.00000 

31' S8 9.71767 
373 . 3.43457 



13.15334 



ToBC 



14S 



3.15334 
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The baske AB being radius. 



As AB 333 • 
Is to AC 272 
So is radius . - 


&M54Q 
lO.OdOOQ 




12.43^7 


To secant of A 31° 88^ 

As radius 

Is to tangent of A 31° 38" 

So is AB S32 • 


10.06908 
10.00000 

9.7867s 

2.36549 


• 


12.15224! 



ToBC 



142 



2.15224 



3. In a right.angled triangle^ are given the hypothe- 
nuse AC = 36.&7, and the angle A = S7° ^C, to find the 
base AB^ and perpendicular BG. Ans. Base AB ^ 
83.36^ and perpendicular BG « i7.(yt. 

4. In a right-angled triangle^ there are given^ the per- 
pendicular »> 193.6, and the angle opposite the base 47^ 
8i*} tequired the hypothenuse and base. Ans. Hypo- 
thenuse ^ 288.5, and base ^ S13.9. 

5. Required the angles and hypothenuse of a right- 
angled triangle, the base of which is 46.731, and perpen- 
dicular 57-9. Ans. Angle opposite the base 38^ 54f, an- 
gle opposite the perpendicular 51" 6', and hypothenuse 

74.4. ' 
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When two sides of a right-angled triangle are given^ 
the other side may be found by the following rules^ with- 
out first finding the angles. 

1. When ike hypoihenuse and one leg are given^ to find 



the other le 



S' 



RULE. 



Subtract the square of the given leg from the square 
of the hypothenuse ; the square root of the remainder 
will be the leg required.^ .Or by logaritluns thus^ 

To the logarithm of the sum of the hypothenuse and 
given side^ add the logarithm of their difference ; half 
this sum will be the logarithm of the leg required. 

S. When the two legs are given to find the hypothenuse. 

RULE. 

Add together the squares of the two ^ven legs ; the 
square root of the sum will be the bypotheaiMie.^ Or by 
logarithms* thus^ 

* DsMONSTRATioy. The sqoare of the hypothenuse of a right-angled tri- 
an^ is equal to the Bum of the sqiiares .of the sides (47.1). Therefort the 
truth of the first part of each of ^ ndes, is cvideojt 

Put h aas the hypothenuse,, 3 as the base, and /^ ss the perpendi- 
cular, then (47. t) ffi zm h^ ^-^ b^ ss (5.2. con) h + bx h — by or /i = 

V A + d X A — B\ whence from the nature of logarithms^ the lat- 
ter part of the first rule is evident. 

Also (47.1.) A» « d^ + /i' « d X * + y>or/i ^Jb X 3 + ^ 

which solved hj logarithms will correspond with the latter part of 
the second rule. 
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From twice the logarithm of the perpendicular, sab- 
tract the logarithm of the base, and add the coirespond- 
ing natural number to the base ; then, half the suqii of the 
logarithms of this sum, and of the base, will be the loga* 
rithm of the hypotbenuse. 

EXAMPLES. 

i. The hypothennse of a right angled triangle |s 37% 
and the base SSSj required the perpendicular. 

Calcvlation by Logarithm. 

Hypotbenuse S7^ 

Base - S3S 

dum . 604 log. S.7PS^ 

Difference 40 ~ 1.60306 



S)4'.80149 



Perpendicular 14S -^ 3.19334 

3« Given the base 186, and the perpendicular 103, to 
find the hypothenuse^ ' 

Calculation by Logarithms, 
Perpendicular 153 log. 3.18184 



Base 



Bypothenus^ 

I 





4.36368 


186 — 


S.369dl • 9.S6951 


im.% 


a.09417 


810.18 


log. 8.49164 




2)4.761 15 


S4iO.S 


log. 8.38007 



M Aif^U^ATHWt QV 



T)fB kjfpMeon^e being ^ven e^nal 409^ aii4 one 
leg dliii ff^q/cAx^A .the otilier leg. Am. IMi8«7- 

« 

4. Wtiat is the hypothenuse of a right-angled triaqgle, 
the base of which is BIM, and perpendicular S7.2. 

Ans. 41 .S7- 



The foUojdriDg example^^ in which trigoaonetry i$ a|i« 
plied to the mensuration of inaccessibh^ distances and 
heights, will serve to lender the stodeat expert in solv- 
ing the different cases, and also to elucidate its use. 

TTie Application of Plane Trigonometry to the Mensu- 
ration of Distances and Heights. 

EXAMPLE 1. Fig. S4. 

Being on one side of a river and wanting to know the 
distance to a house on' the other side, I measured 500 
yards along the side of the river in a right line AB, and 
found the two angles^ between this line and the oliject to 
be CAB « r*"" 14^, and CBA. = 4^ 23'. Required the 
distance betweeti each station ^and the object. 

Calculation. 

TJia sum of the angles CA3 and CBA is i^ 87', 
which subtracted from ISO"* leaves the angle ACB — 5ff* 
%Sl. Then by ease i\ 

i TM ^Ml^ Wy l>e taken with a siKttgnt^ compass or any other simiXar 
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S. ACB : S. CBA : : AB : AC 
55" 1^ WHSf 600 4S9.8 

I 

aild f 

S. ACB : 8. CAB : : AB : BC 
56^83' 74*14^ 500 S77.8 

EXAHPI^B S» Fig. B9. 

Suppose I want to know the distance between two 
places A and B^ accessible at both ends of the line AB^ 
and that I measured AC ** 735 yards^ and BC ^ 84(^; 
also the an^e ACB "== 55^ 4f]f. What is the distance be* 
tween A and B ? 

Ccdcuiation. 

The angle ACB » 5d*4iO'^ being subtracted from 160% 
If^aves ifMT 30^; the half of which is 9^ 10". Then by 
case 3. 

«n^Ar^ un Ao . CAB + CBA ^ CAB~CBA 
BC + AC : BC-« AC : i tang, r — ' : tuig; ■ * ■ ^ m,> » ^m»^ 

1 57 5 105 68' l</ f IV 

rr AiL^ CAB+CBA ^^.,^, .. , . CAB— CBA 
To and from ^ » 62^ 10', add and subtract 

a 7"" 12' and we shall have CAB =a 69^ 22^, and CBA ae 54<' 58'. 
Then, 

S. ABC : S. ACB : : AC : AB 

54*» 58' 55° 40^ 735 741 

EXAMPLE 3. Fig. 96. 

WantiDg to know the distance between two iaaceesei* 
ble objects A and B^ I measured a base line OD «» 300 
yards : at C the angle BCD was 58*" MOf and ACD 95* 
80"; at D the angle CD A was 53* atf and CDB 98^ 4^0". 
Be^oiied tlm divtanGd AB. 
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Calculation. 

1. In the trian|;le AGD^ are given the angle ACD <«> 
90° 20f, ADC » 03' dCff and the side CD - 300, to find 
AC = 465.98. 

S.' In the triangle BCD, are given the angle BCD ss 
08* mf, BOC - 98" 49', and side CD » 800, to find BC 
» 76l.4r. 

8. In the triangle ACB we have now given the angle 
ACB « ACD — BCD = 37*, the side AC = 465.98 
and BC - 761.47, to find AB - 479.8 yards, the dis- 
tance required. 

EXAMPLE 4. Fig. S7- 

Being on one side of a river and observing three ob- 
jects A^ B and G stand on the other side, whose dis- 
tances apart 1 knew to be^ AB = 3 miles, AC » S, and 
BC » 1.8, 1 took a. station D, in a straight line with the 
- objects A and C, being nearer the former, and found the 
angle ADB » i?"" 47^. Required my distance from each 
of the objects* 

Consftruetion. 

With the three given distances, describe the triangle 
ABC ; bisect BC in F and draw FE perpendicular to it; 
draw CE making the angle BCE « "JIS*? IS' «« the cpm- 
plement of the given angle ADB ; with E as a centre and 
distance EC, describe the circle BCD, meeting CA pro- 
duced in D : then AD, CD and BD will be the distances 
required,* 

* Demonstration. By constnietion the distances AB, BC and AC sre 
equal to the f^ea digtaabes ; also Hie angle GN* is equal to tbe given a^gie. 
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Calculation. 

1. In the triangle ABC we have all the sides given, 
to find the angle C = 104° 8". 

S, Subtract the sum of the angles D and C from 180"*, 
the remainder 5&^ ff will be the angle DBC; then in the 
triangle BCD wS know all the angles and the side BG 
to find DC =« 5.003 and DB « 5.715 ; therefore DA « 
DC — AC = 3.003. 

EXAMPLE 6. Fig. 68. 

From a station at D, I perceived three objects A^ B 
and C^ whose distances, from each other I knew to be as 
follow : AB = 12 miles, BC »== 7-2 miles and AC « 8 
miles ; at D I toojc the -angle CBB « 25" and ADC = 
10O. Hence it is required to find my distance from each 
of the objects. ^ 

Construction. 

With the given distances describe the triangle ABC ; 

at B, make the angle EBA « IQ"* = the given angle 
ADC, and at A, make the angle EAB » 35'' » the given 

angle BDC ; draw AE and BE meeting in £, and (by 

prob. 10.) describe a circle that shall pai^s through the 
points A^ E and B : join C£ and produce it to meet the 

circle in D, and join AD, BD, then will AD, CD and 

BD be the diistances required.* 

for it is the coinplement of the angle ECF ; but the angle CEF is equal to half 
the angle CEB ; the an^le CBB is also equal to half the angle CEB (20. 3) ; 
therefore the angle COB is equal to the angle CEF, and consequently is equal 
to the given angle. 

* Demonstratzok. The angle ADC standing on the same itfe trith the 
angle ABE is equal to it (31. 3.). For the same reason the angle BDC is equal 
to the angle BA£ ; but by construction the angles ABE and BAE are equal to 
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OalctdaUan. 

1. lo the triangle ABC^ «U tke Bide« an giren, to Hod 
the angle BAC -* 35" 3d'. 

%, In the triangle AEB are given all the angles, viz. 
EAB » 85% EBA = 19" and ABB « 136% and the 
side AB " IS, to find A£ -> 6.6S4>. 

• 

3. In the triangle CAE we have given the side AC « 
8, AE - 5.624, and the angle CAE =- BAC — EAB 
=- 10° 35', to find the angle ACE as ^ 41'. 

4c. In the triangle DAC, all the angles are given, viz. 
ADC = 19% ACD - »S» 41' and CAD - 180* — the 
sum of the angles ADC and ACD, » 138° 19', and the 
side AC " 8, to find AD — 9.47 miles and CD - 16.34 
miles.. 

9. In the triangle ABD, we have the angle ADB « 
ADC + BDC = 44% the angle BAD « CAD — BAC 
= 102° 44', and the side AB «« IS, to find BD = 16.85 
miles. 



the. given angles ; therefore the angles ADC and BDC are equal to the giveti 

angles. 

Note, When the giten anglles ADC, BDC are respecUTely equal to the angles 
ABC, BAC, the point £ viiVL fall on the point C, the circle will pass through the 
points A, C, and B, and the point D may be any where in the are ADB \ conse. 
quently, in this case, the situation of the point D, or its distance from each of 
the objects A, B, C, cannot be determined. 

It may not be improper also to observe that even when the angle ADB, which 
is the sum of the given angles, is equal to the sum of the angles ABC, BAC, or 
which is the same thing, is the supplement of the angle ACB, the circle passes 
through the points A, C, B ; but then the angles ADC, BDC, unless they have 
been erroneously taken, will be respectively equal to the angles ABC, BAC. 



zxAuvhZ 6. Fig. 59. 

A person baviog a trismgalar fields tbe sides of which 
meaa^ure AJB « 50 perches^ AC » 46 perehes and BC *« , 
40 perches^ wishes to have a well dug in it^ that shall he 
equally distant Irani the eorners A, B and 43* What 
most he its distance from each corner^ and by what an- 
gle from the corner A^ may its place be fonnd. 

Construction. 

With the given sides cons^truet the fariangle ABC^ and 
(by prob. 10.) describe a citcle that shall pass through 
the points A^ B and G ; then the centre E of this circle 
is the required place of the well.* 

Calculation. 

1. Ill the trianfi^le ABC^ all the sides are given^ to find 
the angle ABC « 60^ 16". 

2. Join G£ and produce it to meet the circumference 
in D ; also join AE and AD ; then the angles ADG^ 
AB(j being anglei; in the same segment are equal; also 
the angle DAG being an angle in a semicircle^ is a right 
angle : therefore in the right angled triangle D AG^ we 
have the angle ADG « ABG = 60° 16', and the side AG 
to find CD « »S.98 perches. The half of CD is = S6.49 
perches « CB "» the distance of the well from each cor- 
ner. 

3. The angle ACD « 90° — ADG = sr 44'; but be- 
cause AEG is an isosceles triangHei the angle 0A£ ^ 
ACE = 29*^ 44' the angle required. 

* The demonstrfktlcm. ^f this is plAln (I* $, cor.)* 
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lEX AMPLE 7- Fig. 61. 

Wishing to know the height of a steeple situated on a 
horizontal plane^ I measured 100 feet in a right line from 
its base, and then took the angle of elevation^ of the top, 
which I found to be 47^ 80"^ the centre of the quadrant 
being 5 feet above the ground : required the height of 
the steeple. 

Calculation. 

In the right angled triangle DEC, we have the angle 
CDE « *r 3tf and the base DE.|« AB « 100 feet, to 
find CE = 109.13 feet; to CE a/cTEB « DA « S feet 
the height of the quadrant, and it will give BC «■ 1141.13 
feet, the required height of the steeple. 

. EXAMPLE 8. Fig. 63. 

Wishing to know the height of a tree situated in a 
bog, at a station J) which appeared to be on a level with 
the bottom of the tree, I took the angle of elevation BDC 



* Angles of elevation^ or of depresaion are usually taken with an instnimcnt 
called a quadrant, the arc of which is divided into 90 equal parts or degrees, 
and those when the instrument is sufficiently large may be subdivided into 
halves, quarters, &c. From the centre a plummet is suspended by a fine silk 
thread. Fig. 60 is a representation of this instrument. 

To take an an^e of elevation, hold the quadrant in a vertical position^ and^ 
the degrees being numbered from B toward C, with the eye at C, look along the 
side CA, moving the quadrant till the top of the object is seen in a range with 
this side ; then the angle BAD made by the plummet with the side BA, will be 
the angle of elevation required. 

• 

Angles of depression are taken in the same manner, except that then the eye 
is apptied to the centre of the quadrant. 

Ifote. In finding the height of an object, it is best so to contrive it that the ob- 
served angle of altitude may be about 45^ • for when the observed angle iB'45<', 
a small error committed in ti^kilig it, makes the least error in the computed 
height of the object. 
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** 51« 30': I then measured BA = 79 feet in a direct 
Um from the tree, and at A, iookthe ai^le of elevation 
BAG s= S6^ Sff. Require^ the height of the tree. 

Caleidation. 

I. Because the exterior angle of a triangle is equal to 
the sum of the two interior and opposite onies, the angle 
BDC == DAC + AGD ; therefore ACD = BDC — DAC 
= 25": now in the triangle ADC we have DAC -» 26® 
30', ACD * 23% and AD « 75 to find DC • 79.18. 

I 

' I ■ 1 . - , • ^ 

%. la the right angled triangle DBG^ are given DC = 
79.18, and the angle BDC «» 61° 80' to find BC *• 6l.«7 
feet^ the required height of the tree. 

EXAMPLE 9. Fig, 63* 

Wanting to know the height of a tower EC, which' 
stood upon a hill, at A^ I took the angle of elevation 
CAB — 'Wi I then measured AD «= 134 yards, on level 
ground, in a straight line towards the tower ; at D the 
angle CDB was 67^ 50^ and EDB « Sl^. Required 
the height of the tower and also of the hill. 

Ckitcnlation* 

1. tn the triangle ADC, we have the angle DAC » 
Mf% the angle ACD •» BDC — DAC - S3' SV, and the 
aide AD, to find DC « 230.4. 

2. In the triangle DEC all the angles are given, vi^. 
CDE - BDC — BDE = 16« 5&, DCE - 90* — BDG 
- 22° 10^ DEC '- 180° — the sum of the angles CDE 

' and DC£> <• 141°, and CD s: 230.4, to find C£ «• 106 
yar^s, the height of the tower, also D£-" 138.1 yards. 

K 
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3. In {he right an^d triangle DBE^ we have the an- 
gle BDE « 51% and the side D£ » 138.1 yards^ toUnd 
BE » 107.8 yards^ the height of the hill. 

EXAMPLE 10. Fig. 64. 

An obelisk AD standing on the top of a declivity^ 1 
measured from its bottom a distance AB «> 40 feet^ and 
then look the angle ABD « 41° ; going on in the same 
direction 60 feet farther to C, I took the angle ACD ■» 
SS"" 49^; what \fUL9 the height of the obelisk ? 

Calculation. 

1 . In the tnangle BCD; we have given the angle BCD 
- SS* 't5f, the angle BDC « ABD — BCD - 17" 15', 
and side BC » 60, to find BD » 81.49. 

2. In the triangle ABD are given the side AB « 40, 
BD = 81.49, and the angle ABD « 41% to find AD « 
57*63 feet, the height of the obelisk. 

EXAMPLE 11. Fig. 65. 

Wanting to know the height of an object on the other 
side of a river, but which appeared to be on a level with 
the place where I stood, close by the side of the river; 
and not having room to go backward on the same plane, 
on account of the immediate rise of the bank, I placed a 
mark where I stood, and measured ia a direct line from 
the object, up the hill, whose ascent was so regnlar that 
I migfit account it a right line, to the distance 'of 132 
yards, where I perceived that I was above the level of 
the top of the object ; I there took the angle of depression 
of the mark by the river^s side equal 4S^, of the bottom 
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of the object equal ST^ and of its top equal id"^ : required 
the height of the object. 

i. In the triangle AOD^ are given the angle CAB « 
EDA = ar, ACD « 18(r w CDE (FCD) » 138^ and 
the side CD *• 13% to find AD «= 194.55 yards. 

S. In the triangle ABD^ we have given ADB » ADB 
— BDE « 8% ABD « BED + BDE - 109^ and AD 
"« 194.55^ to find AB » 38.64 yards the required height 
of the object 

EXAMPLISIS. Fig. 66. 

\ 

A May. pole vrhose height was 100 fe^t^ standing on 
a horizontal platie^ was broken by a blast of wind^ and 
the, extremity of the top part i^truck the ground at the 
distance of 34^ feet from the bottom of the pole : required 
the length of each part. 

Cdnstrtuction. 

Draw AB « 34, and perpendicular to it, make BC « 
100; join AC and bisect it in D, and draw DE perpen- 
dicular to AC, meeting BC in E ; then AE = CB = the 
part broken ojff.* 



* Demonstration^ In the triangles AED^ DEC, the angle 
ADE as CDE, the side AD «= CD, and DE is coiymon to the two 
triangles, therefore (4.1) AE =s CE. ♦ 

J\rote. This question may be neatly solved in the following man* 
ner without finding either of the angles. Thus, draw DF perpen- 
dicular to BC, then (31.3 and cor. 8.6) FC : DC i : p€ i CE; con* 
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\ 

Calcutation, 

1. In the right angled triangle ABC^ we bave AB "» 
34 and BC - 100, to llnd the angle C « 18^ Hf. 

S. In the right angled triangle AB£, we have AEB 
- ACE + CAE ^ a ACE - ST 84/ and AB « 34, to 
find AE « 55.77 feet, one of the parts; and 100 — 55.77 
^ 44.S8 feet, the other part. 



PRACTICAL QUESTIONS. 

1. At 85 feet dbtance from the bottom of a tower, the 
angle of its elevation was found to be 5S^ 30' : required 
the altitude of the tower. Ans. 110.8 feet. 

S. To find the distance of an inaccessible object, I 
measured a line of 73 yards, and at each end of it took 
the angle of position of the object andtbe other end, and 
found the one to be 90% and the other 61"* 45'; required 
the distance of the object from each station. Ans. 135.9 
yards from one, and 154.3 from the other. 

3. Wishing to know the distance between two trees C 
and D, standing in a bog, I measured a base line AB ^ 
339 feet ; at A the angle BAD was 100*" and Bx\C 86^ 
80"; at B the angle ABC was ISl'' and ABD 49^ re- 
quired the distance between the trees. Ans* 232i feet. 



sequcritly CE «» -— - ; but DC «■ -r-^ = 7 — r-> ^^^ FG 

»|BC; therefore CE - ABM- BO ^ 34' + lOQ' 

1156+10000 11156 ,,^o ,1. ur i 

-J.- = =s 55.78, the same as before nearly. 

200 200 ' ^ 
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« 4. Obsenriiig three steeples A^ B and G^ in a town at 
a distance^ whose distance asunder are known to be as 

' follows, viz. AB « 213, AC - 404, and BC = 262 yards, 
I took tjbeir angles of position from the place D where I 
stood, which was nearest the steeple B, and found the' 
angle ADB = 13° BOf^ and the angle BDC « 39^ SO': 
Required iny distance from each of the three steeples: 
Ans. AD =• 571 yards, BD -=» 389 yards, and CD « S14 
yards. 

5. A may-pole, whose top was broken off by a blast 
of wind, struck the ground at 1^ feet distance from the 
foot bf the pole : what was the height of the whole may- 
pole, supposing the length o( the broken piece to be 39 
feet ? Ans* 7S feet. 

6. At a certain place the angle of elevation of an in« 
accessible tower was 26'' 30' ; but measuring 75 feet in a 
direct line towards it, the angle was then found to be 
5V ZOf: required the height of the tower and its distance 
from the last station. Ans. Height 62 feet, distance 49. 

7- From the top of a tower by the i^ea side, of 143 
feet high, I observed that the angle of depression of a 
ship**s bottom, then at anchor; was SS"" ; what was its 
distance from the bottom of the wall ? Ans. iK)4.2 feet. 

8. There are two columns left standing upright in the 
ruins of Fersepolis ; the one is 64 feet above the plane, 
and the other 50 : In a right line between these stands 
an ancient statue, the head of which is 97 feet from the 
summit of the higher, and 86 from that of the lower co. 
lumn ; and the distance between the lower column and 
the centre of the statue's base is 76 feet : required the 
distance between the tops of the columns. Ans. 157 feet. 



SURVEYING, 



Surveying is the art of measuring^ laying oat^ and 
dividing land. 



MEASURING LAND. 

Preliminary Definitional Obaermtions^ ^c. 

The Instrument used for measuring the sides of fields^ 
or plantations^ is a Gunter's Chayn^ whieh is 4 poles 
or 66 feet in lengthy and is divided into 100 equal parts 
or links ; consequently the length of each link is 7*9& 
inches : also 1 square chain is equal to 16 square perches^ 
and 10 square chains make an acre. 

When the land is uneven or hilly, a four-pole chain 
is too long to be convenient, and the measures cannot be 
taken with it as accurately as with one that is shorter. 
Surveyors therefore generally make use of a chain that 
is two poles in length and divided into 50 links. The 
measures thus taken are, for the sake of ease in the cal- 
culation, reduced either to four-pole chains or to perches. 
The following rules shew the method of making the^e, 
and some other reductions. 
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To reduce two -pole chaina and links to four-pole chains 

anddinks. 

RUI4B. 

i. If the number of chains be even, divide them by S^ 
and to the quotient annex the given number of linkgL* 
Thus, in 16 two-pole chains and 37 links, there are 8 
four-pole chains and 37 )foks. Or because each linli; is 
the hundredth part of a four-pole chain,, the four-pole 
chains and link^ may be written thus 8^37 foiir-pole 
chains. 

y ■ 



S. If the number of chains be odd, divide by 2 as be- 
fore, and for the 1 that is to carry, add 90 to the given 
number of links;, Thus in 17 two-pole chains and 4S 
links, there are 8 four-pole chains and 92 links, or 8.92 
four-pole chains. 

To redujce two-pole chains and linksp to perches and 

decimals of a perch. 

RULE. 

I. 
Multiply the links by 4 and the chains by 2» If the 

links when multiplied by % exceed a hundred set down 

the excess and carry 1 to the chains. Thus 17 two-pole 

chains and 21 links = 34.84 perches ; also 15 two-pole 

chains and 38 links ^ 31.52 perches. 

To reduce four-pole chains and links^ to perches and 

decimals of a perch. 

RULE. 

Multiply the chains and links by 4. Thus 18.64 four 
pole chains » 54.56 perches. 
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To reduce square four-pole chains to acres. 

RULE. 

Divide by 10, and the qaotieat will be ac^s. If there 
be decimals in the quotient, multiply by 4) and by 40 to 
obtain tlift roods and perches. 

BxAHFLE. In 5^S3.^91 square chains, how many 
acres? 

10)dS3.!S791 



> 53.33791 
4 



1.31164 
40 

13.46960 



Aqs. dSA. IB. 13P. 



Observation on Chaining. All slftBt or inclined sur- 
faces^ as the sides of a hill^ should be measured horizon- 
tally and not on the plane or surface of the hill. To 
effect this the hind end of the chain, in ascending a hill^ 
should be raised from the ground^ till it is on a level 
^ jth the fore end^ and by means of a plummet and line^ 
should be held perpendicularly above the termination of 
the preceding chain. Tn descending a hill the fore end 
of the chain should be raised in the same manner, and 
the plummet being suspended from It^ will shew the com- 
mencement of the sncceeding chain. 

The bearing or course of a line is its situation in re* 
spect to the north and south points of the horizon. 



MEASURING LANp. . 8i 

A line ranning due north and south is -called a meri- 
dian Ime. 

The bearing of a line is expressed by the angle eon- 
taiuc^d 'between it^ and a meridiaia line passing through 
one of its ends^ and is said to be north so many degrees 
east or west^ or south so many degrees east oj^west^ ac* 
cording as the line runs between tjbe north and east or 
north and west^ or between the south and east or soutli 
and west. 

The bearings of lines are generally taken with an in- 
strument called a Circumferentor^ or more commonly a 
Surveyor's Compass. A description of this instrument 
or of the method of using it^ is deemed unnecessary^ as 
it will be better understood from a few minutes inspec- 
tion of the instrument itself^ and an explanation from a 
person acquainted with the manner of using it; than from 
a detailed description in writing. 

The bearing of a line taken at one end, is the reverse 
of the bearing of the same line taken at the other end :^ 
thus if tlie beariug of a line AB taken at the end A, be 
north 350 east, its bearing taken at the end B^ will be 
south as*" west. 

When the bearings of two lines^ running from the 
same point, are given, thQ angle contained between them 
may be found by the following rules. 

Rule 1. When the bearings of both lines are between 
the north and east or north and west, or between the 
south and east or south and west, subtract the less bear* 



* Note. This is not strictly true, but the difTerenoe is too small to be obser^ 
ved in prftctice. In the latitude of 40^ the greatest difference between thcr 
bearing and the reverse beaiing of a line a mile in lengths is only 4^'. 

I. 



8S 
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ing from the greater ; the remainder will be the angle 
contained between them : thus if AB bear N. 34<» £. and 
AD, N. 58^ E. the angle BAD will be « &l^ Fig. 67. 

Rule S. When the bearing of one of the lines is be- 
tween the north and east and the other between the north 
and west^^Dr when one is between the south and east and 
the other between the south and west, add them toge- 
ther ; the sum will be the angle contained between them : 
thus if B A bear S. 34o W. and BC, 8. 35« B., the angle 
ABC will be = 69". Fig, 67. 

Rule 3. When the bearing of one of the lines is be- 
tween the north and east and the other between tlie south 
and east, or when one is between the north and west 
and the other between the south and west, add them to- 
gether and subtract the sum from ISO^" ; the remainder 
will be the angle contained between them : thus if CB 
bear N. 36" W. and CD, S. ST W. the angle BCD will 
be-fli8^ Fig. 67. 

Rule 4. When the bearing of one of the lines is be- 
tween the north and east, and the other between the 
south and west, or when one is between the north and 
west and the other between the south and east, add 180 
to the less bearing, and from the sum subtract the great- 
er ; the remainder will be the angle contained between 
them : thus if DC bear N. 87" E. and DA, S. 58° W. 
the angle ADC will be = 151°. Fig. 67. 
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Containing rules^ as of triangles, qua- 
drilaterals, circ also the method of 
protracting as\ its area hy dividing 
it into triangles 



PROBLEM I. 

To fnd the Area of a Parallelogram, whether it he a 
Square, a Rectangle, a Rhombus, or a Rhomboides. 



Multiply the length by the height or perpendicular 
breadth, and the product will be the area.* 

^ote. Because the length of a square is equal to its 
height, ks area will he found by multiplying the side by 
itself. 



■ Demonstbation. Let ABCD (Rg. 6S) be a rectangle i and let {U length 
AB and CD, and Its breadth AD and BC, be each divided into as many equal 
parts, as are expressed by the number of times they contiun the lineal meaauiini; 
unit i iu>d let all the opposite points of diviBion be connected by right lines. 
Then, it is evident that these lines divide the rectangle into a number of squares, 
each equal to the superficial measuring unit; and thst the number ol these 
squares is equal to the number of lineal measuring units in the len^h, as often 
repeated as there are lineal measuring units in the breadth, or height ; that ia^ 
equal to the length drawn into the breadth. But the area is equal to the num- 
ber of squares or superfioal measurmg units i and therefore Uie area of a rect- 
angle is equal to the product of the length and breadth. 

Agiun, a rectangle is equal to any oblique parallelogram of an equal length 
and perpendicular height (36.1.) ; therefore the uea of every pai'aUelogTam is 
equal to the product of its length and hdght. 
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EXAMPLES. 

1. Required the area of a square field, a side of which 
ilieasarea 7.89 four -pole chains. 

Ch. 

739 

7-S9 



6561 
, 1458 
5103 

10)53.1441 Area eA. IR. lOP. 

5.31441 
4) 

1.85764 
40 

10.30560 

S. Required the area of a rectangular field whose 
length is 13.75 chains, and breadth 9.5 chains. 

Ch. 
13.75 
9.5 



6875 
13375 

10)130.635 Area 13A. OR. lOP. 



13.0635 

4 

.3500 
40 

10.0000 
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3. Required the area of a field, in the form of a rhom- 
boides; whose length AB is 42.5 perches, and perpendi- 
cular breadth CD is B2 perches. Fig. 15. 

. . P. 

4S.5 



850 

127% 



410)13610.0 



4)34 



8A. 3R. 

4. What is the area of a square tract of land^ whose 
side measures 176.4 perches ? Ans, 194A. IR. 36.96P. 

5. What is the area of a rectangular plantation whose 
length is dS.35 chains^ and breadth 38.S4 chains? 

Ans. 199A. 3R. 8.6P. 

6. The length of a field^ in the form of a rhombus, 
measures 16.54 chains^ and the perpendicular breadth 
12.37 chains : required the area. Ans. SOA. IR. 83.6P. 

7- Required tbe area of a fteld in the form of a rhom- 
boides^ whose length is 81.16 chains^ and perpendicular 
breadth 11.82 chains. Ans. SSA. 3R. 32.5P. 

PROBLEM II. 

To find the area of a triangle when the base and per- 
pendicular height are given. 

RULE. 

Multiply the base by. the perpendicular height^ and 
half the product will be the area.^ 

* Demonstration. A triangle is half a parallelogrun of the same base 
■Dd altitude (4rl.l.)9 u^^ theitibre the truth oi the rule is evident 
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EXAMPLES. 

d . The base AB of a triangular piece of ground^ mea- 
sures 12.38 chaius^ and the perpendicular CD 6.78 
chains : required the area. Fig. 4<9. 

Ch. 
• 13.38 
6.78 



9904 - 
8666 
74S8 

3)83.9364 

10)41.9682 Area 4A. OR. 3lP, 

4.19683 

4 



.78738 
40 

■ ■ -■ ■ 

31.49120 



S. Required the area of a triangular field, one side of 
which measures 18.37 chains, and the distance from this 
side to the opposite angle 13.44 chains. 

Ans. 12A. IR. 15P. 

.» 

3. What is the area of a triangle whose base is 49 
perches and height 34 perches ? Ans. 5 A. OR. 33P. 
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PROBLEM in. 

To find the urea of a triangle when two sides and their 

included angle are given. 

IIULE. 

As radius^ 

Is to the sine of the included angle ; 
So is the rectangle of the given sides, 
To double the area.* 

EXAMPLES. 

r 

4 . In a triangular lot of ground ABC, the side AB 
measures 64 perches, the side AC 4G.5 perches, and 
their contained angle CAB 30'' : required the area. Fig. 
49. 

As radius - - 10.00000 

Is to sin. A, 30^ - 9-69897 

So is AB. AG, ^^* - l-fSlS 

^ ?40.5 - 1.60746 



13.11261 



To double the area 1S96 perches 3.11261 

410)6418 



4.)16 .. 8 



4-A. OR. 8P. 

• Demonstration. In the triangle ABC, Pig. 49. let AB and AC be the 
given sides, including the given angle A, and let CD be perpendicular on AB. 
Then by trig. rad. : sin. A : : AC : CD{ but (cor. 1.5.) AC : CD : : AC X AB : 
CD X AB ; therefore (11.5.) rad. : sin. A : : AC X AB : CD X AB; but CD 
X AB is equal to twice the area of the triangle : hence the truth of the rule is 
evident. 
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S. What is the area of a triangle two sides of which 
measure 15.36 ehains and 11.46 chains respectively^ and 
their included angle 4/7** nof? Ans. 6A. IR. 38P. 

3. One side of a triangular field bears N. ^S'' E. dis- 
tance 18.33 chainS; and at the. same station the other ad- 
jacent side bears N.:78''3(y£. distance 13.84 chains: 
required the area. Ans. 11 A. SR. IIP. 

4. Required the area of a triangular piece of ground^ 
one side of which bears N. 82^ 30' W. diat. 19.7* chains 
and at the same station^ the other adjacent side S. S4r 
^5' E. dist. 17.34 chains. Ans. 14A. SR. 8P. 

PROBLEM IV. 

To find the area of a triangle when one side and the two 

adjacent angles are given. 

nuLE. 

Subtract the sum of the two given angles from 18(f , 
the remainder will b^ the angle opposite the given side. 
Then, 

As the rectangle of radius and the sine of the angle 

opposite the given side, 
Is to the rectangle of the sines of the other angles, 
So is the ^square of the given side, 
To double the area.* 

• Demonstration. Let AB, Fig. 49, be the given ttde of the triangle ABC, 
and A and B the given angles ; also let CD be perpendicular on AB : Then 
by trig. 

sin. ACB : sin. B : : AB : AC 
rad. : sin. A : : AC : CD. 

Therefore (23.6.) rad. X sin. ACB : sin. A X •in. B : : AB X AC : CD X AC 
: : (cor. 1.6.) AB : CD : : AB^ : AB X CD; but AB X CD is equal to double 
the area of the triangle ABC; therefore (11.5.) rad. X 0m. ACB .- sin. A X 
sin. B : : AB^ : double the area of the triangle ABC. 
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EXAMPLES. * 

1. In a triangular field ABC; the side AB measures 
76 ))erches, the atigle A. 60% and the angle B 00*' : re- 
quired the area. Fig. 4!y. 

The angle ACB « 180« — the sum of the angles A 
and B, - 70°. 



A » —J V «:« f^ 5^ rad- Aj, Co. 0.00000 

As rad. X siB, L, ^ gjjj j3 y^o ^^ ^^ 0.02701 

• Bin Ax«JnB fsin..A60» 9,93753 

• ^*°- -^ *^"- ^' i sin. B 50? 9.884)85 

4Ti» AH V AH ^AB76 1.8808J 

::AU = AB >^ AU, ^ ^^ yg 1.88081 

: dotthle area in perches 4078 3.61041 

40)3039 



4)90...39 
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13A.aR.39P. 

S. One side of a triangle measures ^.3S chainS; and 
tlie adjacent angles are GS"" and 7^"" ; required the area. 

Ans. 87A. OB. 2&P. 

3. What is the area of a triangular fields one side of 
which is 17*36 chains^ and the adjacent angles 37* 30' 
and 48^ 15'? Ans. 6A. 3R. 18P. 



PROBL 



To find the area of a triangle, when the three sides are 

given* 

» KULE/ 

From half the sttm of the three sides tsubtract each 
side severally ; multiply the half sum and the three re- 
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mainders contiaually together, and the square root of th€ 
lastptoduct will be the area.^ 



* Dbmomstratzoit. Let A8C, Fig. 69^ be tbe tritngle. BUect any two of 
the Angles, BAG, ABC, by the straight lines AG, BG, meeting in G { let fall on 
the three sides of the triangle, the perpendiculars GD, GF, GE| and join GC ; 
also produce AB, AG, and biiect one of the exterior angles, UBC, by the line 
BK, meeting AGf produced in K, join KG, and let fall the perpendiculars KH, 
KM, and KL. Then (26.1) AD is equal to AB and DG to GE ; also BD is 
equal to BF and DG to 6F ; hence GF and GE are equal, and conseqtiently 
(4^.1) CF is equnl to CP. In like manner it may be proved itfaat AH is equal 
to AL, BH to BM, andGMto CL; as likewise that KH, KM and KL are equal 
to eadi other. Now since BH is equal to BM and GL to CM, it is manifest that 
Att and AL together, are equal to the sum of tbe three sides AB, AG and BC ; 
henee AH or AL is equal to the senuperineto* of the triangle ABQ. But since 
twioo AD, twice BD and twice GF are the sum of the sides of the triangle, or 
twice AH, it is obvious that AD, BD and GF togethei', are equal to AH ; conse- 
quently GF is equal to BH or BM ; l^ence CM or CL is equal to BF or BD ; and 
therefore DH and BO are equal. 

If now from the semiperimeter AH, the three sides AB, AC and BC be sere* 
rally taken, the remainders will be BH, CL (or BD) and AD respectively. 

Again, since the angles DBF and DGF are together equal to two right angles, 
as likewise DBF and FBH tqgetgher equal to- two right angles, it is manifest 
that the angle DGF is equal to the angle HBF, and the angle DGB to the angle 
HBK ; the triangles DBG and itKB are therefore simiUr. Hence BD : DG : : 
KH : HB; also in the similar triangles ADG, AHK, AD : DG : : AH : HK; 
therefore (23.6) AD X BD: DG^ : : AH : HB : : AH' : AH X HE. 

F therefore we take between AD and BD, and between AH and HB, the meam 
proportioMla M i^ N respectively, the foregoing analogy will become M* : 
DG* : : AH* -. N« ; hence (22.6) M : DG : : AH : N ; consequently the rectan- 
gle M X N ift equal to the rectaaf^e AH X DG, that is to the sum of the tri- 
angles ABG, BCG and ACG. Whence tlie truth of the rule is manifest 

t The angle BAG is less than the angle HBC (16.1) ; consequently BAG is 
less than HBK, and BAG, KB A, are together less than HBK, KB A; but HBK, 
KBA, are togeUier equal to twd^gbt angles ; hence BAG, KBA, are less than 
two right Itngles ; therefore (cor. 29.1) the line BK will meet the line AG pro- 
duced. 
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EXAMPLES. 

1. Required the area of a triangular tract of land, 
whose three sides are 49.00; 50.S5 and Sd.Gd chains. 

49.00 
S0.S5 

25.69 



Sum i»k^ 



Half sum 62.47 log. 1.79567 

' 13.47 1.18987 

Hemainders \ ia.aa 1.08707^ 

36.78 1.56061 



!8)fi.6777» 
615 chains S.78886 



61.5 Acres « 61 A. @R. 

S. What is the area of a triangular field whose sides 
measure 10.64, 13.88 and 9.00 chains ? 

Ans. 4A. SB. 86F. 

« 

3. What quantity of land is contained in a triangle, 
the sides of whISb a^e 30^ 30 and 40 chains ? 

Ans. S9A. OR. 7P* 

PROBLEM VI. 

To find the area of a trapezium, taken one rf the diago- 
nah and the two perpendicutare let fall on it from the 
oppo$ite angles f are given. 

RULE. 

Multiply the sum of the perpendiculars by the diago* 
nal; and half the product will be the area.^ 

AC y BF 

* Demonstratioit, The area of the triangle ABC =s r , 
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^ JWf6. When all the sides and one of the diagonals 
are giyen^ the trapea^um if ill be divided into two trian- 
gles, the area of each of which may be found by the last 
problem. The sum of these apeas will be the area of 
the trape^iuQL . * 

EXAMPLES. 

1. In a field ABCD in the form of » trapezium, the 
diagonal AC measures 20.64 chains, the pwpendicnlar 
BF 6.96 chains, and DB 5.9S chains : required the 
wrea, Fig. yo, 

Ch. 

6.96 
5.9S 



1&.88 



5i32 

7729 

2576 
2)265.8482 
132.93l6Ch. « ISA. IR. 6P. 

S. Required the area of a trapezium,, whose diagonal 
measures 16-10 Ch. and the perpendiculars 6,80 Ch, and 
3,40 Ch. Ans. 84- OB, 33fP. 



AC X DE 
8ind the area of the triangle ADC as ^ ; therefore the sum 

AC V BF 

of thJBse area?, or the area of the trapezium ABCD 5* . 

AC X DE BF + DE . ^ -,. ^^ 

+ 2 « . J X AC. Fig. ro. 
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3. The diagonal of a tri^ezjoin is SHXilt. and the per- 
p^ndicalars are 8.87CI1. and ll.j«3€fa. : what is the 
a^ea ? ' S4A. 3R. i4P. 



PROBLEM Vn. 

To find the area of a trapezium^ when all the angles and 

two opposite sides aise given. 

' -. ♦- - - . - 

Note. When Hiree of the angles are given the fourth 
may be fom^d by subtracting their sum from 360''. 



!*»• 



RULE. 



Consider one of the given sides and its adjacent an- 
gles^ or their snppilements ^rhen their sum exceeds 180% 
as the side and adjaeent angles of a triangle^ and find its 
double area by prob. 4. Proceed in the same manner 
with the other given 3ide and its' adjacent an^es : Half 
the difference of the areas thus found will be the area of 
the trapezium,^ 

*■ 

EXAHPLES. 

1. In a fourrsided field ABGD^ there are given the 
following bearings and distances^ viz. AB, N. Sj)* £. 
dist. 6.90Ch. BO, N. e*" 4ff B. CD, S. 35° SC E. dist. 
li.SOCh. and DA, S. 88° W. : required the area. Fig. 

71. 



.^ 



J 



* Demonstration. Let AB, CD, Fig. 71. be the given sicks 
of the trapeuum ABCD. Produce DA, CB to meet in E ; then 

2 ABCD « 2 EDC — 2 EAB or ABCD == ^ ^^^ ~ ^ ^^^ , 
Hcpce the truth of the rule is evident 



V 
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From ihe given bearings^ the angles may be found as 
follows : 

m 

AD, N. 88" E. CB, S. 64° 40* W. 

AB, N. 24 E. CD, S. 35 20 E. 



BAD - 64° BCD « iOO* 00 

BA, S. 24° 00^ W. DC, N. 35° 20^ W. 

180 00 DA, S. 88 00 W. 



204 00 • 123 20 

BC, N. 64 40 E. 180 00 



ABC » 139 20 ADC =* 56 40 

ConBtruction. 

Make AB « 6.90, and draw DA, CB, making the 
angle DAB » 64°, and ABC ^ 139° 20'; produce DA 
and make the angle ^AF « 56° 40' >» the given angle 
ADC; lay off AF »> 11.50 » the given side CD, and 
parallel to AD draw FC, meeting BC in C ; lastly draw 
CD parallel to AF, meeting AD in D, then will ABCD 
he the trapezium.* 

Caictdation. 

The angle E = 180*' ~ the sum of the angles BCD, 
ADC = 23° S(y. 



* Demonstration. By constructioQ FC is parallel to AD and CD to AF« 
therefore (34.1.) CD = AF and (29. 1.) the ang^e ADC = EAF ; hence it is 
evident that the fl'idi» AB^ CD, and the ang-les of the trapeuum ABCD are re- 
spectivelj^i^ual to the given sides and angles. 
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AS rad. X sm. j^, ^ ^.^ E S3» SOf Ar. Co. 0.40SSS 

oin TCAB X Bin T?llA S^n* ^-^^ **6* ^OT 9-95366 

..AD* C AB 6.90 0.83885 

" "^ AB 6.90 0.83885 



: 3 EAB 70.405 1.84760 

» 

A«r^ x«i« 1? i •■*<'• Ar. Co. O.OOOOO 

• sin P-rn X =m T?nr J ""• ^^^ *^' ^^^ 9.99335 

. . p.T>i C CD 11.50 1.06070 

"^^' ^(^D 11.50 1.06070 

: 3 EDC 374.731 3.43891 
3 BAB 70.40.'? 



3ABCD 304.336 



ABCD = 10S.163CI1. =? lOA. OR. 34.6P. 

3. In a trapezium ABCD, the angles are, A ^ 65% 
B « 81% C =» 130% and consequently D «= 94'; also the 
side AB = 30Cb. and CD => llCh. : required the area. 

Ans. S3A. SR. 37P. 

3. Required (he area of a four- sided piece of Und^ 
bounded as follows ; 

1. N. IS" 30' E. 

3. N. 81 00 E. dist. g3.30Ch. 

3. 8. 36 00 W. 

4. N. 89 00 W. dist. 13.90Ch. 

Ans. S7A. 3R. S4P. 
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PROBLEM Vin. 

To find the area of a trapezium when three Mes cdnd 
the two (included OM^es are given* 

RUlUfi. 

As radius^ 

Is to the sine of one of the given angles ; 

3o is the rectangle of the sides including this angle^ « 

To a certain quwtity. 

As radios^ . 

Is to the sme of the other given angle ; 

So is the rectangle of the sides inclodidg this other 

angle^. 
To a second quantity. 

Take the difference between the sum of the given an- 
gles and 180° ; Then, 

As radius, 

Is to the sine of this difference ; 

Sa is the rectangle of th6 opposite given sides. 

To a third quantity. 

If the sum of the given angles be less than 180% sub- 
tract the third quantity from the sum of the other two, 
and half the difference will be the area of the trapezium. 
But if the sum of the given angles exceed 180"", add all 
the three quantities together and half the sum will be 
the area.* 

• Demonstratioit. Let ABCD (Fig 72 or 73), be the trapeziaii), having 
the given sides AD, AB, BC» and given angles DAB, ABG. Complete the pa- 
r41elograms ABCB, ABFD, and join ED, CF ; then because EC, DF are esich 
parallel to AB, they are (30.1.) parall^ and equal to each other, and (33.1.) 
JICFD is a parallelogram ; theretbrc ABFD = ABHG + GHFD = (35.1.) 
ABCE + ECFD = (34.1) ABCE + 2 ECD ; to the first and last of thwe equala 
add ABC£> then ABFD 4- ABCE = 2 ABCE + 2 ECD =» 2 ABCDE. 
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EXAMPLES. 



1. In a trapeziam ABGD, tbere are given AD « 
23.32Ch., AB = 25.70Ch., and BC « 15.84Ch., the an- 
gle DAB » %^^ and ABC = Sf!" : required the area. 



As rad. 

: sin. DAB, 64*> . 



3S 

70 



: first quantity 038.6Q 

As rad. 

: sin. ABC, 83® 

ABxBO ^^B«5.70 

: second quantity 403.1S 

DAB 6i» 
ABO 83 



146 
180 



Ar. Go. O.OOOPO 
- ' 9.99366 

1.36773 
1.40993 



3.73i3j| 



At. Co. 0.00000 

9.99970 
1.40993 
1.19975 



ji.60S4& 



Difference 34' 



But Fig. 73, when the sun of the given angles DAB, ABC, is less than ,180", 
f ABCI^ = 3ABCD + 2BAD; therefore in this case ABFD-|-ABC& = 
3 ABCD + 2 EAD or ABFD + ABCE — 2 EAD = 2 ABCD. 

And, Ilg. 73, when the sum of the {pven angles DAB, ABC, exceeds 180", 
2 ABODE = 2 ABCD — 3 EAD ; therefore ABFD + ABCE = 2 ABCD -i— 
2 EAD or ABFD .f ABCE + 3 EAD = 2 ABCD. 

But by prob. 3. one of the first two proportions gives 2 BAD (= ABFD), and 
the other gives 3 ABC (= ABCE) ; also because the angle EAD is the differ- 
ence between the sum of the given angles and 180°, and the aide BA = BC, 
the third proportion gives 2 EAD : hence the trath of the rule is manifest. 

N 
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As md. - . Ar. Co. 0.00000 

: sin. difference 34<> • • 9-74796 

. . An y nr S AD S3.33 - 1.36773 

,.AU^ov,<j^^ 15.8* . 1.19»7« 

: third quantity S06.55 - S.8150^ 

1st quantity 538.66 
Snd — 403. iS 



94f.78 
8rd — 206.55 



2)735.23 



367-6l5Ch. - 36A, SR. 2P. 

^. What is {he area of a four-sided lot of ground^ 
three sides of whieh^ taken iu order, measure 6.15, 8.46 
and 7-00 chains, respectively, the angle contained by the 
first and second sides 56^, and that contained by the se« 
cond and third sides 98^ 30^? Ans. 4A. OR. 25P. 

3. Une side of a quadrilateral piece of land bears S. 
7^E. dist. 17.53Ch., the second, N.87*'E. dist. 10.80Ch. 
and the third, N. 25| E. dist. 12.g2Cb. : what is the 
area? Ans. 3lA. 3R. 2P. 

J^Tote. As in triangles any three parts, except the three 
angles, being given, the area may be found, so in trape- 
ziums any five parts, except the four angles arid one 
side^ being given, the area may be found. Several other 
problems might therefore be introduced for finding the 
areas of triangles and trapeziums, depending on the dif- 
ferent parts, sufficient to limit them, that may be given : 
but as they seldom occur in practice, and when they do, 
may readily be solved by means of trigonometry and the 
preceding problems, they are omitted. 
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PROBLEM IX. 

To find the area of a trapezoid^ that is^ a trapezium ttto 
of whose sides are parallel hut not equal. 

RULE. 

Multiply the sum of the parallel sides by their per- 
pendicular distance^ and half the product will be the 
area.* 

EXAMPLES. 

1. Required the area of a trapezoid ABCD^ of which 
the parallel sides AD^ BG measure 0.14 and 9.48 chains 
respectively, and their perpendicular distance BF or 
BE^ 7*80 chains. 

Ch. 

6.14 



ld,69 
7.80 

124960 
10934 

S}121.8860 

60.9180Ch. » 6A. OR. 15P^ 



* DsMONSTRATioN. Thc trapezoid ABCD, Fig. 74, ■= the tri- 
angle ABD + BDC » (by prob. 2), ^ 1 ^ « 



/K^ T>i7 ni7vADxBF BCxBF AD + BCxBF 
(because BF s DEy, 5— r- + — ^ « -5 



J 



I .•? * 



i 
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3. The parallel sides of a trapezoid are 12.41 and 
8.2S chains^ and their perpendicular distance 0.15 chains: 
required the area. Ans. 5A. IR. lOP. 

3. Required the area of a trapezoid whose parallel 
sides are 11.34 and 18.46 chains, and their perpendicu- 
lar distance 13.S5 chains. Ans. 19A. 2R. 39P. 



PROBLEM X. 

To find the area of a circle, or of an ellipsis,* 

RULE. 

Multiply the square of the circle's diameter, or the 
product of the two diameters of the ellipsb, by .7854*, 
for the area.t 

J^ote. 1. If the diameter of a circle be multiplied by 
3.1416, the product will be the circumference; also if 
the circumference be divided by 3.1416^ the quotient 
will be the diameter. 

2. If the area of a circle be divided by .7854, the 
square root of the quotient will be the diameter. 



* If two pins be set upright in a plane, and a thread, the length of which is 
greater than twice the cUstance between the pins, having the ends tied together 
be pdt about the pms; and if the point of a pin or pencil, applied to the 
thread, and held so as to keep it uniformly tense, be moved round, till it return 
to the place from which the motion began; then the point of the pin or pencil 
will have described on the plane, a curve line called an JEUUpitt- 

f The demonstration of this rule is too abstruse to admit of a place in this 
work. The student who wishes to see a demonstration is referred to treatises 
on Mensuration or Fluxions^ 






MEASURING LAND. . 101 

'EXAMPLES. "' 

1. How many acres are in a circle a mile in diame- 
ter? . 
lmile=80Ch. 
80 



6400 

.7834 

.. , 

SIM^OO 

5036.5600 Sq. Ch. » 50SA. SR. S5P. nearly. 
Orhy iogarithtns.. 

Square of 80, ^®^ log. 1.90309 

t80 4.90309 

.7854! —1.89509 



50S6.56 Sq. Ch. 3.7t)ia7 

S. Required the area of an ellipsis, the longer diame* 
t^r of which measures 5.36ch, and the shorter 3.38ch. 

Ch; 
5.36 

3.S8 



^. 



' 4<S88 

1072 
1608 



17.5808 

.78*4! 

— <— III * 

70333S 
87904:0 
14<06464i 
1330656 

13.80796038 Sq. Ch. - 1 A. IR. SO.gP. 
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Or by logarithmg. 



5.36 X 3.28, ^gjgg b.Wd87 

.78M1 ~ 1.80509 



18.808 Sq. Gh. 1.1401S 

3* Keqaired the area of a ciroalar park, the diameter 
of which is 100 perches. And. 49A. OR. 14P. 

4. Required the area of an elliptical fish pond^ the 
longer diameter of which Is 10 perches aod the shortef 
6 perches. Ans. 39.87 Sq. Per. 



PROBLEM XL 

To protract n Survey y and to find it$ area by dividing it 

into trianglea and trape%inm$. 

l!*he method of ^oing this wilt be best understood by 
an example. Thus^ 

Sappose the following field-notes to be given, it is re- 
paired to protiract the survey and find its area. 

Ch. 

1. N. 50° B. fl.60 
ft. S. 33° £. 16.38 
8. S. 41' W. 8.80 

4. \fe9t a43 

5. N. 79* W. 10.98 

6. N. 5* B. 11,B5 

7. S. 83° B. 6.48 



•j 



s 

To protract the survey. 

Method 1st. 

Draw KB, Fig. 75, ta represent a meridian line ; then 
N staodiag for the north and S for the south, the east 
will be to the right hand and th^ west to the left. la 
NS take any convenient point as A for the place of be- 
^nning, and* apply the straight edge of the protractor to 
the line, with the centjre to the po^nt A, and the arch 
lurned toward the east, beeanse ihe first bearing is east* 
erly ; then holding the protraetor in this position, prick 
off 50^ the first bearings from the north end, because the 
bearing is from the north; through. this point and the 
point A, dr&w the line AB on whicli lay 9«60 chains^ 
the first distance from A to B. Now apply the centre 
of the |)rotractor to the point B, with the arch turned to- 
ward the east, because the second bearing is easterly^ 
and tnove it till the line AB produced cuts the first bear- 
ing 50*^ ; the strietight edge of the protractor will then be 
parallel to the meridian NS ; hold it in this position and 
from the south end prick off the second bearing S2° ; 
draw BG and on ii lay the second distance 16.38 chains* 
Proceed in the same manner at each station, observing 
always, previous to pricking off the succeeding bearing, 
to have the arch of the protractor turned easterly or 
westerly according to that bearing, and to have its 
straight edge parallel to the meridian^ this last may al- 
ways be done by applying the centre, to the station point 
and making the preceding distance line, produced (or not 
as may be) if necessary, cut the degrees of the preceding 
bearing : It may also be dene by drawing a straight line 
through each station, parallel to the first meridian. 

When the survey is correct and the protraction accu- 
rately performed, the end of the last distance will fall on 
the place of beginning. 
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# 

Method second. 

With the chord of Mr describe the circle NESW, 
Fig. 76^ and draw the diameter NS. Take the several 
bearings from the line of chords and lay them off on the 
circumference from N or S according as the bearing is 
northerly or southerly^ and towards £ or W according 
as it is easterly or westerly^ and number them 1^ 2^ 3^ 4f, 
&c. as in the figure. From A the centre of the circle, ta 
1 draw A 1, on which lay the first distance from A to B; 
parallel to A S draw BG on which lay the second dis- 
tance from B to G } parallel to A 3 draw GD on whi^h 
lay the third distance from G to D ; Proceed in the same 
manner with the other bearings and distances. 

To find the area* 

By drawing lines as in Fig. ^5^ the survey is divided 
into two trapeziums AGFE, AEDB, and a triangle 
BDG. Measure the several bases and perpendiculars, 
on the same scale that was used in the protraction, and 
find the double areas of the triangle and trapeziums by 
probs. 2 and 6; the sum of these will be the double area 
of the survey. 

Bases. Perpens. 

EG 16.68 X ^ ^J ^JJ I = 203.6628 - S AGFE 

EB 19.17 X J p^ 1*^ ? = 267.4315 - 2 AEDB 
BD 19-23 X Ce 5.16 » 99.2268 « 2 BDC 



2)570.3111ch.=2ABCDEFG 

. 285.15555cli.=28A. 2R. 2P. 
» the area required. 
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EXAMPLE £. 

The following field-notes are ^ven to protract the 
survey and find the area. 

Ch. 
1. N. 15*0(yE. 20. 

5. N- 37° 3ff E. 10. 

3. East 7.90 

4. S. 11"0G'E. 12.50 
d. South 13.50 

6. West 10. 

7. S. 3e«» 3tfW. 10. 

8. N. 88° 15' W. 8.50 

An6.46A.lSR.9P. 

EXAMPLE 3. 

It is required to protract the survey and find the qrea 
from the following field-notes. 

t 

Ch. 

1. N.75''00^ E. 18.70 , 

2. N.20°3tf B. 10.80 
8. East 16.20 

4. S. 83* aC W, 36.80 , 
8. S. 76° Otf W. 16. 

6. North 9. 

7. S. 84° 00^ W. 11.60 

8. N. 68° 15' W. 11.60 

9. N. 36° 46^.;irr 19.20 

10. N. 22^ 30^ E. 14. 

11. S. 76° 45' B. 12. 

12. S. 15° OCW. .10.89 

13. S. 16° 45' W. 10.12 

Ans. IIOA. SR. 38P. 
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SECTION 2. 

Containwg three diferent rules for finding the areas of 
right'Uned figures generally^ when the hearings and 
distances of the houndaines are given. 

DEFINITIOXS. 

1. Meridians are north and south lines, which are 
supposed to pass through every station of the survey. 

3. The difference oflatitude^ or the northing or south- 
ing of any stationary line, is the distance that one end 
of the line is north or south from the other end ; or it is 
the distance which is intercepted on the meridian, be- 
tween the beginning of the stationary line and a line 
drawn from the other end/ perpendicular to that meri- 
dian. Thus, if KS> Fig, 77? be a meridian passing 
through the point A of the Uae AB, then is A& the dif- 
ference of latitude, or southing of that line. 

3. The departure of any stationary line, is the near- 
est distance from one end of the line to a meridian pass- 
ing through the other end. Thus Bft, JFig. 77, is the 
departure or easting of the line AB. But if ns be a me- 
ridian, and the measure of the stationary line be taken 
from B to A, then is BG the difference of latitude, or 
northing, and AC the departure or westing of the line 

4. The meridian distance of any station, is the dis- 
tance thereof from a meridian passing through the first. 
or some other particular station of the survey. 

5. The Traverse Table is a table containing the dif- 
ference of latitude and departure corresponding to dif- 
ferent courses and distances. 
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To find the difference^ of htitnde q,nd departure corres^ 
ponding to any given course and distance^ by meanB 
of the annexed Traverse Table. 

When the distance is any number of whole chains or 

perches not eo^eeeding 100. 

Find the given bearing at the top or bottom of the ta- 
hie according as it ia less or more than 4^^. Then 
against the given distance^ found in the column of dis- 
tances at the side of the table, and under the bearings if 
at the top, or over it if at the bottom, is the correspond- 
ing difference of latitude and departure. The difference 
of latitude and departure must be taken as marked at the 
top of the table when the bearing is at the top, but as 
marked at the bottom, when the bearing is at the bottom. 
Thus if the bparing and distance be S. 35° 15' E, disit. 
79Ch., the diff. of lat. will be fti.diCh. S. and the dep. 
45.d9Ch. E. : but if the bearing and distance be S. S*® 
7»' E. disl- 7«Ch; the diff. of lat. will be 45.5&Ch. S* 
and the dep. 64<.SlCh. B, ^ 

When ike di&tanee is expressed by any whole number of 
ekaiw or perches exceeding 100. 

Divide the given distance into parts that shall not ex* 
ceed 100 eiurb, and find as before the differeqce of laU<» 
tude and departure corresponding to tl>e given bearing 
and to each of those parts j the sums of the l^titudes^ 
and departjares^ thus found wijil be th^e latitude ^n^ d&« 
parture required. 



* For the sake of conciseness in the expression the word latitude only is some' 
tlm©3 use4 ipste^d of <^^^<u« qflatimle. 



, .^ 
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EXAMPLES. 



1. A line bears N. SO^'' E. dist 117Ch. required the 
conresponding latitode and departure. 

Ch. Ch. Ch. 

Dist 100 corresp. Lat 98.67 and Dep. 35.02 
17 15.92 5.95 



Whole Dist. 119 Lat. 109.59 N. Dep. 40.97 E. 

2. What is the difference of latitude and departure of 
a line bearing N. ^S\^ W. dist. 243 perches ? 

Per. Per. Per. 

Dist. 100 corresp. Lat. 20.36 and Dep. 97*90 

100 '20.86 , 97.90 

43 8.76 42.10 



Whole Dist. 243 ^ Lat. 49.48 N. Dep. 237 .90W. 

When the distance is expressed by chains or perches * 
and decimaU of a chain or perch. 

Find as above the latitude and departure corresponding 
to the givejBr bearing and to the whole chains or perches. 
Then conl^idering the decimals as a whole number, find 
the latitude and departure corresponding to it, removing 
the decimal point in each, two figures to Uie left hand if 
there be two decimals, or one figure to the left if there be 
but one decimal ; these added to the former will give the 
difference of latitude and departure required. 

EXAMPLES. 

1. If a line bear S. 41? W. dist. 57.36 Ch. what will 
be the corresponding difference of latitude and depar- 
ture? 
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Ch. Ch. Ch, • 

Dist. 67*00 corresp. Lat. 43.03 and Dep. 37.96 
.36 .27 •»* 



I 



Whole Dist. 87-36 Lat. 42.80 S. Dep. 3^;^0W. 

2. Required the latitude and departure corresponding 
to a line which bears N. 72*^ W. dist. 124.37 perches. 

Per. Per. Per. 

Dist. 100.00 cor. Lat. 30.90 and Dep. 95.11 

24.00 7.42 23.83 

.37 T— .11 .35 



Whole Dist. 124.37 Lat. 38.43 N. Dep. 118.39 W. 

*J\rote. — ^If the number of whole chains or perches 
be less thap 10^ and there be but one decimal figure^ the 
latitude and departure may be taken out at one view, by 
considering the mixed number as a whole one^ and taking 
out the latitude and departure corresponding to it and 
the given bearing, and removing the decimal point in 
each, one figure to the left hand. Thus, if a line bear 
N. 23^ W. dist. 9.3 ch. its difference of latitude will be 
8.53 ch. N. and its departure 3.71 ch. W. 

PROBLEM. 

The bearings and distances of a survey being given ^ to 
find fhe area ivithout the necessity of first protracting 
it. 

BULK 1. 

1 . Rule a table as in the annexed examples : In the 
first vertical column on the left hand, place the numbers 
that designate the stations, in the second the bearings^ 
and in the third the distances. , 
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• S. Find by ibe traverse table tfae latitudes and depar* 
tares answering to the several caurses and distances^ 
whieh place in the four succeeding columns, under N. or 
S.y E. or W.9 according as they are north or south, east 
or west. Add up the northings and sonthings, and if 
the sums are not equal, find their difference, which will 
be the error of the survey in difference of latitude, which 
call by the same name as the least sum. Proceed in the 
same manner with the eastings and westings, and find 

the error of the departures. 

< 

3. Divide each of these errors by the sum of the dis- 
tances in the third column, extending the division to four 
decimal places. 

4. Multiply the first distance, omitting the decimals, 
if any, by each of these quotients, and the products will 
be the corrections in difference of latitude and departure, 
depending on the first course and distance. Take the 
two first decimals in each of these corrections, increasing 
the second by an unit if the third exceed 5, and place 
them in the 8th and 9th columns according to their name^ 
and in the same horizontal column with the first course 
and distance. Proceed in the same manner to obtain the 
other corrections. If the sums of these errors are not 
equal to the errors in difference of latitude and departure 
respectively, which in consequence of the decimals ne-^ 
glected will sometimes be the case, alter some of them - 
by a unit in the second decimal to make them so. 

5. Apply these corrections to their corresponding dif- 
ferences of latitude and departure, by adding when of 
the same name and subtracting when of different names, 
and the corrected differences of latitude and departure 
will be obtained, which.place in the four succeeding co- 
lumnfi. 
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6. Choose such a place in the columns of corrected 
eastings or westings as will admit of a continual addi- 
tion of the one and subtraction of the other ; or^ which 
amounts to the same thing, begin at the most easterly or 
most westerly point of the survey, and proceed to find 
the meridian distances for the several lines in the order, 
in which they were surveyed. Thus beginning at the 
place chosen, the first departure will be the first meri- 
dian distance, which place in the column of meridian 
distances oj^posite the said departure ; to this add the 
same departure, setting the sum under the former meri- 
dian distance and in the same horizontal column with it. 
If the next departure be of the same name with that just 
used, add it to the meridian distance last formed, and 
again to that sum ; but if it be of a different name subtract 
it twice, and set the sutiis or remainders in the column 
of meridian distances opposite the departure. Proceed 
in a similar manner with each departure, and if the 
additions and subtractions be rightly performed, the last 
meridian distance will come out nothing. 

7. Multiply each of the upper numbers in the column 
of meridian distances by. the corresponding latitude, and 
place the products in the columns of north or south area 
according as the latitude is north or south* Half the dif- 
ference of the sums of the numbers contained in these 
columns will be the area of the survey.* 

V 

♦ DEMONSTRATioir.^Iiet ABCDEFGH, Pig. 78, represent the boundary of 
a 8ur\xyi and let NS be a meridian passing through the most westerly station. 
Fi'om the points A, B, C, D, E, F, and H, let fall on the meridian NS, tlie per- 
pendiculars Aa, Bb, Cc, Dd, Ee, Fe, Uh ; and from the same points, parallel to 
NS, draw the lines Ag, Bn, Cq, Dq, Ep, Fr, Hm ; then the bearings, distances, 
latitudes, departures, meridian distances, and areas will be as in the following 
t«ible. 

Thus the angle gAB is the first beaiing, AB the first distance, and Ag and 
Bg the corresponding latitude and departure, the latitude being nortli and the 
departure east. The third course being south, the distance CD is the difference 
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JVbte. 1. In a true survey the sum of the northings 
and southings will be equals and also those of the east- 
ings and westings ; but in practiee^ on accout of little 
errors that are unavoidable in measuring the lengths of 
lines and taking their bearings^ these sums will rarely 
be found exactly equal. 

If either of the errors exceed 2 links for every 10 
chains in the sum of the distances^ a re-survey ought to 
be taken; but if the errors are within thesa limits^ they 
may be corrected as directed in thejule.* 

of latitude, aud there is no departure. The fifth course being west, the distance 
£F is the departure, and there is no di&rence of bttitude. 

The sum of the northings is Ag+Fr+Gh=:ab-}-eG-|-Gh==ab-|.eh==bh+ha 
-4-eh=%b-{-&h, atkl the sum of the southings is Bn-{^CD-f-Dq-|-Hm:=bc-4*cd 
-(-de4-&b=eb4-ah; the sum of the northings is therefore equal to that of the 
southings. Also the sum of the eastings i^ Bg-f-Cn-l-Hh-l-^m^rBg-f-Cn^-Aa 
=Bb4-Cn=:Cc, arid the sum of the westings is Eti4"*i*^'+G^^=J'*l+^r==c<l 
=:Cc ; consequently the sum of the eastings is equal to that of the westings. 

Now beginning at G the moiSt westerly point of the survey, the east departure 
Hh will be the first meridian distance ; to this add the same departure Uh or 
ma, and the sum Uh-{-ma will be the next meridian distance; the next depar- 
ture Am being also east, add it twice, and the sums Hh-fAa and Aa-f-bg wiU 
be the two next meridian distances. Proceeding thus agreeably to the rule to 
add each of the eastings twice, and subtract each of the westings twice, the me- 
ridian distances will be found, as in the table. 

But Prob. 9. the product of Aa-f Bb, the upper meridian distance in the first 
horizontal column, by Ag, the corresponding latitude, g^ves twice the area of 
AaBb, which by the rule is to be placed in the column of north areas, because 
the latitude is north ; also the product of Bb-|-Cc, by Bn, gives twice the area 
of BbcC, to be placed in the column of south areas, because the latitude is 
south ; and so of the others. 

Kowthesumof the south areas is 2.BbcC-f2CcdD-f2.DdeE-|-2.AahH= 
2^beEDCB+ 2.AahH=2.ABCDEFGH+2.FeG-f-2.GhH+2.AHhbB+2 AahH 
::=2.ABCDEFGU4.2.FeG+2.GhH+2.AabB: From this sum subtracting the 
sura of the north areas, which is 2.AabB-|-2.Feg-^2.GhH, the remainder is 
2.ABCDEFGH ; that is twice the area of the survey. 

• The directions given in the rule, for correcting the errors in difference of 
latitude and departure are deduced from the rule g^ven and demonstrated in 
No. 4, of the Analyst, by Mithaniei Zfow(/f cA, and also by ih^^diior JRobert Adrain, 
The demonstration is too long for insertion hf^re. 
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jybte S« When one side ot the ground is rou^ and 
hilly^^ it is very probable the measured dii^tance of that 
side will be too great ; therefore if the errors in latitude 
and departure would both be lessened bj lessening the 
latitifde and departure corresponding to that side^ it would 
be proper to deduct a few links from the distance add take 
out the latitude and departure again^ previous to calculat- 
ing and applying the conrecti<]^s. 

JSTote 3. Each of the numbers in the column of meri- 
dian distances is the sum of two adjacent meridian dis- 
tances ; but to avoid the t^o frequent repetition of the 
word sum^ it is denominated simply a meridian distance* 

EXAMPLE 1. 

The following field-notes are given to find the area of 

the survey. 

Ch, 

1. S 40i'* E. dist. 81.80 





■ S. N54. E. 


3.06 




3. N29^ E, 


S.Si 




4. N28I E. 


3^.35 




5. N57 W. 


21.10 




6. 8 47 W. 


31.30 



w^»mmmf^>m» 



Sta. 



Courses 



Di^t. 



gAB 



nBG 



South. 



8 



qPE 



West 



rFG 



hGH 



AB 



■f*!^ 



BC 



CD 



BE 



N. 



Ag 



JL 



-*«• 



EF 



FG 



mHA 



GH 



HA 



S. 



Ba 



CD 



Dq 



) M l ll> ■ 



Fr 



Gh 



E. 



Bff 



■•^ 



Cn 



Hm 



W. 



Eq 



EF 



Hh 



Am 



6r 



M. Dist 



Aa-fBb 
Bb*-fnc 



Bb+Cc 



Cc+Dd 
Cc+Dd 



* Dd+Ee 
Ee^-pd 



pd+Ee 
Fe+Gr 



N. Areft. 



S.AalA 



Fe 

• 



■I ■' 

Hh 
Hh+ma 



fih-f-Aft 



2.FeG 



2.GhH 



S. Area. 



2.BbcC 



ip""^p' 



2. CcdO 



2.DdeE 



w^mmmmm 



2 AahH 
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^ The first correction of dej)artureis rather nearer .04 than .05; .04 wa^ 
therefore placed for the correction, but on adding up the correct^ns the sum 
was found to be .16 onJy, instead of .17; this is the reason why .05 is taken in- 
stead of.04. . . . ^ . 
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EXAMPLE 3. 

Required the area of a tract of land bounded as follows : 1 st. N 75* 
E, 13.70 oh.; 2nd. N 20*^^ E, 10.30 ch.; 3rd. East, 16.20 ch.; 4th. 
S. 33*^4 W, 35.30 ch.; 5th. S. 76^ W, 16 ch.; 6th. North, 9 ch.; 7th. 
S 84*»W, 11.60 ch.; 8th. NsS^lW, 11.60ch.; 9th. N Se^'f E, 19.36 
ch.; 10th. N 22^J E, 14 ch.; 1 1th. S 76^| E, 12 ch.; I2th. S 15«» W. 
10.85 ch.; 13th. S 18^ W, 10.62 ch. to the place ol beginning. 
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RULE S. 

!• FiAd the latitude and departure correspQuding to 
each course and distance^ and correct theih as directed 
in the preceding rule, ^ 

S. Beginning' at the first station of the survey^ or any 
oth€lr convenient place^ the firsf departure will be the 
first meridian distance^ which place in the column of me- 
ridian distances^ opposite the siaid departure^ and mark 
it east or west according as the departure is east or west. 
To this meridian distance add the same departure^ aqd 
the sum will be the second meridian distance^ which 
place under the former in the same horizontal column^ 
and mark it with the same name. Proceeding thus, find 
two meridian distances for each horizontal column, ob- 
serving that when the meridian distance and depa];ture 
are both east, or both west, their sum is the next meridian 
distance, and of the same name ; but when the meridian 
distance and departure are of different names, that is one 
east and the other west, their difference is the next meri- 
dian distance of the same name with the greater. This 
done the last meridian distance will be nothing, as in the 
preceding method. 

3. Multiply the upper meridian distance in each hori-^ 
zontal column by the corresponding latitude, and when 
the meridian distance is east, place the product in the 
column of north or south area, according as the latitude 
is north or south ^ but when the meridian distance is 
west, place the product in the contrary column, that is,^ 
in the column of south area if the latitude be north, and 
in the colamn of north area if the latitude be south. Half 
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the difference of the sums of the numbers contained in 
the colnmns of north and south area will be the area of 
the survey.* 



* DsKOirsTRATiOM. Let ABCDBFGHA, Fi|:.79» repretent the boundary 
«rtsiiiTey»aiid]etNSbeaiMridlaniMtf«nc^thioafhtbefim mthe 

fine Ee take Et equal to FT, and draw at parallel to NS; then the courses* dis- 
tuicea, lathttdea, d^Mrtures, he wiU be aa in the following uble. 



Sta. 
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Dbt. 
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M. Dist. 
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Cc + dm, E 
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iin-rAr, w 


3«gbH 
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2JJiH 



That Ee-»Ff and Ff-4-gp are the meridian distances and Sjeuv the area cor* 
responding to the 5th station, may be shewn thus: From Ee+^o taking Fo (=Ff . 
4.fo)thexemaittdcrwjttbeEe— Ff^which is the first t butEe— F£=sEe— Esses^r 

ft ; therefore fiK)m Fo takhig Ee--Fr (sdl) the remainder Witt be Ff-l-tossff+Ea 
ssFf-fFScsFTf^gp, which last is the second meridian distance corresponding to 
the 5th station, and is west because the west departure Sto tftceeds the east me- 
ridian distance Ee-— Ff. 

Now it is evident that the triangle Ffti is equal to the triangle Esv, and that 
the triangle Ftr is equal to the triangle Btd-^ From the latter of tfacae equids 
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EXAMPLE 1. 

The following field nptes are g^yen to find the arei^ of 
the survey. 

Ch. 

1. S 3g°i £. S4.Sd 

5. S 1 W. 4.00 

3. S 644 W. 9.30 

4. N68 W. 3.35 

5. N rei w. 8.95 

6. S 71 W. S.20 

7. S 65 W. 9.90 

8. N 891 W. 18.!80 

9. N46 B. »7.05 



subtract the fomer, and the renwinders ftvu, seur, mM be equal ; therefore (Ee 
— F<) X£o=ftxBo=3ftxe£=Beeft=«ettT-f vuft=Sjettir.; 

The other parts of the table are sufficiently plain without any illustration. 

Now the sum of the south areas 2.BbcC + 2.CcdD 4> 3J)de£ + 2.8euv •!- 2.FfgG 
+ 2.AhH=2AbB4> 2.ABCC + 2.CcdD+2J)deE <f 2.seuT + 2 J^ + 2.uF6Hh -f 
2.%hH + 2^hH=e (because 2 Jfus=2.£8y) 2AbB + 2 ABCDEe A <f 2£eu <f 2xl 
TGHhu + 2.AhH4 2.GgfaH s= 2.ABCD£FGHA4-2.AbB+2.GghH i from this 
sum subtracting the sum of the north areas which is 2AbB-f-^6gfaHf the re- 
mainder is 2'ABCpEFG)iA ; that.il} twice the area of the surrey. 
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EXAMPLE S. 

Kequired the area of vl tract of land bounded as follows : 1 st. N 75® 
E, 13.70 ch.; 2nd. N 20°| E, 10*30 ch.; 3rd. East, 16.20 ch.; 4th. 
S. 33^4 W, 35.30 ch.; 5th. S. 76*> W, 16 ch.; 6<b. North, 9 ch.; 7th. 
S 84^ W, 11.60 ch.; 8th. N 53*1 W, 1 1.60 ch.; 9th. N 36^| E, 19.36 
ch.; 10th. N 22^1- E, 14 ch.; Uth. S 76«| E, 12 ch.; 12th. S 15® W, 
10;85 ch.; 13th. S 18® W, 10.62 ch. to. the place of beginning. 
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RULE 3. 

1. Find the latitude and departure corresponding to 
each course and distance^ and correct them as directed 
in rule 1. / 

2. Beginning at the first or any other convenient station 
of the survey, place the departure for the corresponding 
lower meridian 'distance, and mark it with the same name 
as the departure ; take the sum or difference of this me- 
ridian distance and the next departure, according as they 
are of the same or different names, and place it for the 
upper meridian distance of the next horizontal column^ 
marking it with the same name as the meridian distance 
and departure when they are alike, but with the name of 
the greater when they are different. Proceed to find the 
remaining meridian distances, products and area in ev^ 
respect as directed in the last rule.^ 

M^ote. In working by this rule there is one multipli- 
cation less to make than by either of 4he preceding, be- 
cause the last meridian distance which always comes 
out nothing, is an upper one. 



* By drawing a meridian line to bisect the side whose departure is made the 
first meridian distance, the demonstration of this rule may be formed nearly in 
the same manner as the one preceding. 

JVote. It may not be improper, here to remark that the three preceding rules 
are only some of the different cases of one general rule that might have been 
given. But it was thought better to giye them thus distinctly as they are ther^ 
by rendered plainer. 
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EXAMPLE. 

The field-notes being the same as in the last example^ 
the area is required by the above rule. 
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In ifae preceding examples the bearings and distances 
of all the boundaries are given ; but when the field-work 
is accurately performed^ the area may be calculated, if 
any two of the bearings or distances, w one bearing and 
distance be omitted. The method of doing this in the 
cases most likely to occur in practice, is exemplified ia 
the three following examples. Either of the preceding 
rules may be used in the calculation. 

EXAMPLE 1. 

In taking a survey of a tract of land bounded by six 
straight sides, I was prevented goiug directly from the 
3rd to the 4th corner by a pond of water. I therefore 
set up two stakes near the edge of the pond, and took 
the bearing and distance from the 3rd comer to the first 
stake, from the first stake to the second, and from the se- 
cond to the 4th corner, and noted them in my field-book 
as all belonging to the 3rd station of the survey. The 
field-notes being as follow, the bearing and distance of 
the 3rd side, and the area of the survey are required. 

Ch. 

1. North, 7.81 
g. S. r^^'i W. 18,15 

rS. 52 W. 10.70 
3. ) S. 7i W. 18.98 

(S. 33i £. 9.00 
4}. N. 84i W. 27.12 

5. N. 4J W. 22.00 

6. East, 16.58 

To find the bearing and distance of the 3rd side^ Fig. 80. 

Find the difference of latitude and departure for each 
of the devious courses, £A, A6, and BC. Then the 
difference between the sums of the north and south lati- 
tudes, and the difference between the sums of the east 
and west departures, will be the difference of latitude 
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and departure corresponditig to the 3rd side^ and of tlie 
same name with the less sums respectively. 



sta. 

£A 


Courses. 


4)ist. 


-N. ■ 


S. 


E. 


w. 


S.55'Wi 


10.70 




6.09 




8.43 


AB 


8. 7iW. 


13.9S 


, 


13.80 




1.83 


BC 


S.33i£. 


9.00 




7^68 


4.93 





27.9a 

Lat. N. 



10.35 
4.93 



Dep.£. 5.22 

Draw CD parallel te NS, and on it let fall the per- 
pendicalar £D ; then will Cp be the difference of lati- 
tade, and £D the departure corresponding to the 3rd 
side, ard the angle BCE will be the bearing, which will 
be between the north and east in going from C to £. 
Therefore by trigonometry, 

As diff. of lat. CD=S7.9» N. 1.44591 

Is to the dep. ED « d.3S £. 0^.72591 

So is rad. - . . 10.00000 



10.00000 



To the tang, of DCE, or bearing of 

CE, N. to" 47* E. - 9.88000 

Consequently the bearing of EC is S. 10° 47' W. 

As rad. - - 10.00000 

Is to sec. <a DCE 10" 47* - 10.00774 

So is the diff. of lat. CD»37.9S 1.41591 



li.45365 



To the dist. EC S8.9S . 1.45365 

The bearing and distance of the 3rd side is therefpre 
S. 10' 4r W. 88.48 Ch. 
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EXAMPLE S. / 

In a survey of which the follbwing are the field-notes, 
the bearing and distance of the last side "were not taken 
6n account of obstacles in the way ; but depending on 
the accuracy of the others, it is required to find them and 
the area of the survey. 

Ch. 

1. N. 60° W. 9.7a 

S. N. 17* E. 7.6S 

3. N. 15J W. 9.40 

4. N. 63} E. 10.43 

5. 8. 49 E. 8.13 

6. S. 13i E. 8.4d 

7. 1^. I6I £. 6.44 
8. ~ 



T(^ find the area. 

With the given bearings and distances find their cor- 
responding latitudes and departures^ and what they want 
of balancing will be the difference of latitude and depar- 
ture of the closing^line. The area may then be found a» 
in the pree^ng examples. 

By Rule 3. 





S«|. 


Coanes. 


Pin. 
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N. 

4.86 
7.31 


s. 
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w. 


M. Diit. 


N.Areft. 


S. Alfa. 
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N68° W 
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aoo 

8.41 W 
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Nl7i.E 


7.65 

9.4(3 

10.43 




^2.27 




6,14 W 
3.87 W] 


f 


44.8834 


1 






N 15jE 


9.05 
4.61 






2.55 


6.42 W 
8.97 W 


• 


58.1010 




.4 


N 63* E 
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^.36 
6.13 




0.39 E 
9.75 E 


1.7979 
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84.6404 
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2399 E 
25.97 E 




197.1978 


> 
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S 16JE 
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27.83 E 
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171.7111 


8 






25.83 

Are 
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19.05 E 
8.41 E 
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116.8955 




\ 




25.83 
SI 33 i 


21.60 
V. 2R 


21.60 
.9 P. 




1.7979 

2) 


672.9292 
1.7979 

671.1313 

335.5656~5 

S^. Ch, 
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With the difEerence of latitude and departure of the 
closing line, its bearing and distance may be found as 
in the preceding example. Thus, 



To find the hearing. 



As diif. of lat. 6.11 S. 
Is to dep. 10.64 W. 
60 is rad. 



0.78604 

1.0S694 

10.00000 

11.08694 



To tang of bearing S. 60° 8^ W. 10.IM090 



To find the distance. 



As rad> 

Ijs to sec. of bearing 60" 8^ 

Soisdiff. oflat. 6.11 



laooooo 

1O.80S79 
0.78604 

11.08883 



To the distance 12.S7 



1. 






The bearing and distance of the last side is therefore 
S. 60' 8^ W. l!B,ar ch. 



< 

J 
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EXAMPLE 3.. 

» 

In a survey, represented Fig. 81, the corner at A was 
inaccessible, occasioned by the overflowing of water, but 
being a tree, it can be seen from tlie adjacent corners B 
and L. 1 therefore set my instrument at B and took the 
bearing to A, which I reversed, aad set ia my field* 
book as ^he first bearing. I then proceeded to take the 
bearings and distances of the several sides to L; and at 
L, I took the bearing of the side LA. The field-notes 
being as«.follQW, the length of the sides AB and LA. and 
the area are required. 

Ch. 

AB,N.51"'iW. 
BO, S. 45i W. 15.16 
CD, N. 50 W. 22.10 
DE, North 18.83 
EF, N.48 E. 22.60 
FG, N. 26^ W. 20.17 
GH, East 26.67 
HI, S. 30i E. 23.86 
IK, S. 41- W. 15.04 
KL, S. 47 B. 28.55 
LA, S. »0i W. 

By taking the difference of latitude and departure for 
each of thte sides BC, CD, DE, EF, FG, GH, HI, IK, 
and KI^^ and balancing, we shall have the difference of 
latitude and departure of LB, with which its bearing and 
distance may be found as in the last example. 

R 



130 



' MEASURING LANl). 



SU. 


Courses. 
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CD 
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14.20 
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FG 
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18.20 






8.68 
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S 30| E 


22.86 
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IK 


S44 W 


15.04 
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10.82 
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10.45 


KLS47 E 


28.55 




19.48 


20.88 


« 


LB, 

1 




V 


5.73 




28.99 








66.35 


66.35 


75.86 


75.86 



As diff. of lat. of LB 5.73 S. 
Is to dep. do. 28.99 W. 
So is rad. 



0.75815 

1.46S35 

10.00000 

11.46g25 



To tang, of the bearing of LB> S. 78' 49' W. 10.70410 



As rad. - 

Is to sec. of the bearing of LB 78° 49' 

So is diff. of lat. do. 5.73 



To length of LB 39.54 



lO.OOOOQ 

10.71231 

0.75816 

11.47046 

1.47046 



MfiASUBIKG LAND. ' 131 

Now, having the bearings of the lines AB, LB and 
AL, the angles contained by them may be found by the 
rules given page 82. Then in the triangle ALB, all the 
angles and one side LB will be given to find the other 
sides AB and LA. 



AB,N5ri5'W BA, S5ri5'E I.B, 878^49' W 
AL, N 20 30 E BL;N78 49 E LA, S aO 30 W 

•■•^■■^■■■^■■a^ ^mmmmmmmmm^'^^^ ^"^^m^^^"'^^^'^ 

BAL =71 45 130 04 ALB = S8 19 

»180 00 



ABL - '49 5ft 



As sine of BAL yi" 45^ - 9.97759 

Is to sine of AJJB 68" 19^ - 9.92991 

So is LB 29.64 - - 1.47041 



11.40032 



T0ABS6.47' - - 1.43S73 



As sine of BAL 71" 45' - 9.977S9 

Is to sine ABL 49' 66' - - 9.88383 

So is LB 89.54 - - 1.47041 

11.35424 



To LA 23.80 - - - 187665 



las 
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' PRACTICAL EXAMPLES, 

To be calculated by either of the preceding Rules. 

1. Given the boundaries of a tract of land as follow^ 
mz. 1st. 8 35^ W, 11,20 ch. 2nd. N *5^ W, 24.86ch. 
3rd. N 15°^ E, 10.80 ch. 4th. S 77'' % 16 ch. 5th. 
N 87^i E, 21.50 ch. 6th. S 60* E, 14.80 ch. 7th. South, 
10.91 ch. 8th. N 85 W, 29.28 ch. to the place of be- 
ginning ; required the area. dns. 86 A. 3 B. 17 P. 

S. GiTen the bdundaries of a tract of land as follow : 
vix. 1st. N Ifl" E, 27 ch. Snd. S 77" E, S2.75 ch. 3rd. 
8 ^T" E^ 88.75 ch. 4th. % 53° W, 14.50 ch. 5th. S 
15*4 E, 19 ch. 6tb. West, 17.72 ch. 7th. N 36' W, 
il.75 ch. 8th. North, 16.07 ch. 9th.#N 62» W, 14.88 
ch. to the place of beginning ; required the area. 

Jtns. 153 A. 3 R. 6 P. 

t 

\ 

« ■ 

3. Required the area of a tract of land boapded as fol- 
lows : 1st. 8 63" W. 7.57 ch. 3nd. N 4.3''J W, 5.89 ch. 
3rd. North, 6.83 ch. 4th. N 33°^ W, 8.83 ch. 5th. N 
48" B, 4.81 ch. 6th. N IS*' E, 4.66 ch. 7th. N 6S'i E, 
9.37 ch. 8th, 8 e-i B, 6.60 ch. 9th. 8 40°| E, 6.87 ch. 
10th. East, 6.64 ch. 11th. North, 5.63 ch. 13th. N. 
68HB, d.l0ch. 13th. 8 30* E, 7.90 ch. i4th. 8 33° 
W, 8.80 ch. 15tb. 8 31"! E, 6.43 ch. 16th. 8 50° W, 
8.40 ch. 17th. S j^W, 6.88 ch. to the place of begin- 
aing. *»'^^VW/>»^ ^ns. 44 A. 3 R. 18 P. 

4. Given the following field-notes to find the area of 
the survey ; also the bearing and distance of the 3rd side, 
which wer9 omitted to be taken on account of obstacles 
in the way. 
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Ch. 

i. S. 85HE. 83.30 
S. S. 19 £. 31.13 



3. 



4. N. 64 W. 29.7a 

5. N. 16i W. sa.46 

6. N. S8 E. 25.94 

7. S. 27' E. 6.60 

. Jlns. Area 182 A. R. 21.7 P. and the bearing and 
distance of the 3rd side S. 66° 23^ W. 28.06 ch. 

5. Being furnished with tile field-notes of a tract of 
land, and requested to calculate the area^ I found, on 
examining them, that the figures expressing the angles of 
bearing of the 4th and 9th sides were so defaced as to be 
illegible ; but as the remaiiiing data are sufficient, the 
area is required. The field-notes are as follow. 

Ch. 

1. S. 60°iW. 10.34 

2. N,,27i W. 17.88 

3. N.fil E. 15.8ff 

4. N. — E. 9.61 

5. S. — E. 19.18 

6. S. i6| E. 22.21 

7. S. 71i W. 16.66 

8. N. 71i W. 5.76 

Ans, 81 A. 2 R. 27 P. 

SECTION 3. ^ 

Containing Off-seii^ni tniersee^his^ 

OFF-SETS. 

Off'8et8 are lines drawn or measured^ perpendicularly 
from a stationary line; to the angular points of the land 
on either side. 
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In taking surveys^ bounded on some of their sides by 
streams of. water^ it is unnecessary to make a station at 
every bend in the stream^ because the field-work can be 
taken, and the calculations made with more facility, and 
with equal accuracy, by making use of off-sets. 

Directions for taking Off-sets. 

Take as many stations in the irregular boundary as 
may be most convenient. Then take the bearing from 
tfie first station to the second; and in measuring the dis- 
tance stop against each bend in the stream and measure 
the perpendicular distance from it^ to the stationary line. 
Note the distance in the field-book as a right-hand, or 
left-hand off-set, according as the boundary lies on the 
right, or left of the stationary line ; also note against each 
off-set, its distance from the beginning of the stationary 
line. If there be more than two stations, proceed in the 
same manner with the others. 

J^ote. In calculating by off-sets, the irregular boun- 
dary is considered as straight between the ends of each 
two adjacent off-sets; there should therefore be so many 
taken that this supposition may be made without any ma- 
terial error in the survey. 

* 

To find the area contained between a stationary line and 
an irregular boundary by means of off-sets. 

RULE. 

Stibtra&t the stationary distance of each off-set, from 
that of the one immediately following; the remainders 

* When the boundary ia a brook or rivulet^ it is cuatomary ta measure to the 
middle of the channel ; but when it is a river in which the tide flows, the mei^ 
sure must be ifktn no fart^r than to low-water mark. 
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will be the distances^ intercepted oq the stationary line, 
between each two adjacent off-sets respectively. 

Multiply the sum of each two adjacent off-sets by thei]| 
intercepted distance on the stationary line ; half the sua 
of the products will be the area required.^ 

• 

JV*ofe. The area of the off«sets must be adde>l to^ or 

subtracted from^ the area within the stationary lines, ac- 
cording as the stationary lines on which the off-sets are 
taken are within^ or without^ the boundary of the survey. 

EXAMPLE 1. Fig. 82. 

Required the area of a piece of meadow, bounded on 
one side by a brook, the field-notes being as follow. 

Left-hand ofT-sct^ on the 3rd side. 





■* 




SU. Dist. 


OflT-sets. 




Ch. 


JTo. 


.. Ch. 


Ch. 


1. 


N. l6»iE. 14.35 


1. 


0.00 


0.30 


2. 


East, 7-8!S 


s. 


0.93 


0.81 


3. 


8. 3iW. 14.49 


8. 


2.03 


0.86 


4. 


N. 86i w.ii.or 


4. 


3.28 


0.50 






5. 


5.20 


1.80 






6. 


7.43 


2.35 






7- 


8.98 


1.45 




1 • 


8. 


10.46 


i.od 




• 


9. 


11.71 


1.85 






10. 


14.45 


0.35 



The area of the part ABGD within the stationary 
lines will be found, by either of the rules in the»preceding 
section, to be 13 A. 1 B. 11 P. 

* Demoitbtration.—- Considering the boundary as straight between th^ 
ends of each two adjacent offsets, it is plain that the ar^ contained between 
the stationary line and boundary will be divided by the offsets into trapezoids 
and triangles. Hence the truth of the rule if evideBt* 



MEASURIira LAMOk 



W 



To find the area of the off-sets. 



No. 



3 



5 



•J8 



I 9 
10 



Sta.Di8t. 
Ch. 



0.00 



0.95 



S.03 



3.38 



6.S0 



■II * 



7.43 



8.98 



10.46 



11.71 



li.4sS 



Off°-sets, 
Cb. 



0.30 



0.84 



0.8(j 



O.SO 



1.80 



3.39 



1.45 



•«%■ 



1.08 



^ 1.8» 1.8© 



0.35 



Intercep. 
Di«t. 



0.95 



1.08 1.70 



1.35 



1.93 



3.33 



1.55 



1.48 



3.74 



Sums of 
Off-sets. 



1.14 



1.36 



3.30 



4.15 



3.80 



3.53 



3.93 



3.30 



Products. 




1.0830 



i.8380 



1.7000 



4.1160 



9.3545 



5.8900 



3.7444 



3.6635 



f>.0280 



3)37.614* 

I8.8O73 Ch. 
1 A. 3 R. 3i P. 



Area of ABGD 
Be. of off-sets 



A. R. P. 

13 1 11 

1 3 31 



Whole area 



15 33 
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EXAMPLE 2. Fie. 83. 




Ch. 



8u.Di8t 0(r-set<. 
Cb. 



1. N. 36"! W. 80.00 
S. N. 96^ £. 81.60 



Required the area of a sarvey from the following field 
notes. 

Left-hand Offsets. 

2nd Stationary Line. 4th Stat. Line. 

Sta. Dist. Off-Mts. 
No. Cb. Cb. 

1. 0.00 0.55 
a. 4.30 S.50 
8. 8.09 3. 

4. i.'J.lS 

5. 18.y6 
5th Stat. Line. 

1. 0.00 0.90 

2. 9.13 S.79 

3. 10.00 

4. 13.46 



No. Ch. 

1. 0.00 0.90 

8. 6.10 8.40 

3. N. 86i £. 13.44 8. 10.19 3.10 

4. S. 7li E. 18.96 4. 14.08 3.96 
9. S. S6i E. 13.46 9. 19.80 8.7O 
6. S. 49 W. 4®.41 6. 81.60 0.99 

3rd Stat. Line. 

1. 0.00 0.99 

8. 13.44 0.9ff 



8.49 
0.90 



1.90 
0.70 



The area within the stationuy lines, found by either 
of the ruleH in the preceding section, is 1192.9381 square 
chains. 

To find the area of the qff-aeU. 

2nd Stationary Line. 



No. 


Sta. Dist. 
Ch. 


Ofr.sets. 
Ch. 


Intercep. 
D'lst 


Sums of 
Off-sets. 


Products. 


1 


0.00 
6.10 


0.50 








8 


a.40 


6.10 


3.90 


23.7900 


3 


10.15 


3.10 


4.05 


6.50 


;i6.3290 


4 


14.08 


3.96 


3.93 


7.O6 


27.7438 


5 


19.30 


2.70 


5.13 


6.66 


34.0992 


6 


21.60 


0.59 


2.40 


3.25 


7.8OOO 
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3rd Stationary Line. 



No. 


Sta.nst. 
Ch. 


Off.sets, 
Ch. 


Intercep. 
Dist. 


Sums of 
Off-sets. 


Products. 


1 


0.00 


0.55 






\ 


s 


13.44 


0.55 


i3.4fl 


1.10 


14.7840 



4th Stationary Line. 



^^ 



1 


0.00 


0.55 


• 






2 


4.20 


S.50 


4.30 


3.05 


13.8100 


3 


8.05 


3.30 


3.85 


5.70 


3i.9450 


4 


15.15 


3.45 


7.10 


5.66 


40.1160 


5 


18.96 


0.60 


3.81 


3.95 


11.3395 



5th Stationary Line. 



1 


0.00 


0.60 


#■ 




^ 


3 


6.13 


3.76 


5.13 


3.35 


16.6400 


a 


10.00 


1.90 


4.88 


4.Q5 


^.6930 


4 


13.46 


0.70 


SM 


3.60 


&9960 



3)368.9816 



Area of the off-sets 



134.49076 Ch. 



Area vrithiii the stationary lines 1163.6381 



1387.03886 Ch. 

138.702885 Acr. 
4 



3.811540 
40 



Area of th« sunrey, 1S8 A. 2 R. 3S P. 



33.46160 
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EXAMPLE 3. 



Beqaired the area of a 


meadow from the foHowing 


field notes. 








Left-hand off-Bots on the Sod side. 


M 


• 


Sta. Ditt Oflf^ett, 


^^ Ch. 


No. 


Ch. Ch. 


1. N.WiE. 14.35 


1. 


0.00 0.38 


«. S. 4®* 15. 14.ri 


.8. 


2M S.35 


3. S. 54 W. 16.32 . 


3. 


3.80 1.70 


4. N.SSi W. 11.50 


4. 


«.Q0 «.7ff 




5, 


7.50 1.40 


• 


6. 


9.60 8.20 




7. 


18.38 X.78 




8. 


14.71 0.48 



Ans. Area «» A. 3 R. S7 P* 



EXAMPLE 4« 



The following field-notes are given, to find the area 
of the survey. 

Left4iai«i Off-sets. 







Oi 


1 the 1st side. 


On the 2nd eide. 








at«.Di8t. 


Offsets, 


SUuDitt Off«ett, 




Ch. 


K« 


Ch. 


Ch. 


No. Ch. Cb, 


1. s. egojE. 


16.14 


1. 


0.00 


0.44 


1. 0.00 0.81 


2. S. 28 E. 


9.38 


2.- 


3.80 


2.00 


2. 2.67 8.94 


3. S. 3aJ W. 


21.20 


3. 


7.04 


3.79 


3. 6.20 2.62 


4. N. 48 W. 


22.47 


4. 


9.87 


2.34 


4. 9.38 0.39 


' 9. N. 2fi|| £. 


19X)0 


5. 


13.24 


3.00 








6. 


16.14 


0.31 





Ana. 56 A. 2 R. 19 P. 
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INTEESECTIONS. 

When all the angles of a field, or small tract of land, 
ean be seen from two stations, either within or without 
it, the area may be found by means of intersections. The 
inethod of doing this will be best explained by an ex- 
ample. 

EXAMPLE 1. 

m 

* \ 

Let ABCDEFGA, Fig. 84, represent a field, all the 
angles of which can be seen from two sftations H and I 
without it» The bearing and distance of the stations, and 
the bearings of all the angles of the field, from each sta- 
tion^ being as follow^ it is required to find the surea. 

The station H i)ears from the station I, North^ disti 
«8CL 



/ 


Bearings. 




Bearings. 


HA 


S. 81*4 E. 


lA 


N.28°iE. 


HB 


S. 891 E, 


IB 


N.4Si K. 


HC 


S. 68 -E. 


IC 
ID 


N. 514 E. 


HT) 


S. 58^ E. 


N.yi E. 


HE 


S. B5i E. 


IB 


S. 8;gi E. 


HV 


S. S8i E. 


IF 

lie 


N.73i E. 


HG 


S. 40 E. 


N.60 E. 



Construction. 

Draw HI according to the given bearing and distance, 
id fimsk the poM3 H and I^ draw HA, HB^ HC, &c., 



1 



-^ -^ 
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« 

and lA^ IB^ IC^ &c. according to the ^iven bearings ; 
then will the intersections A, B, G, &c, of the corres- 
ponding bearings HA and lA, HB and IB^ HG and IG^ 
&c. be the angular points of the field. 

Calculation. 

In each of the triangles IHA, IHB, IHC, &c.^ we 
have the side IH^ and from the bearings of the sides^ we 
have all the angles^ to find the sides lA, IB^ IG^ &c. 

Then in each of the triangles lAb^ TBG^ IGD, kc^ 
we have two sides aqd the included angle; whence the 
areas may be found by prob* III^ sect. 1. 

From the sum of the areas of the triangles IA6, IBG^ 
IGD and IDE, which is equal to the area IABGD£I^ 
subtract the sum of the areas of the triangles lAG, IGF 
and IFE, which is equal to the area lAGFEI, the re- 
mainder will be the area of the field ABGDEFGA. 

JSTote. In working the proportions for finding the sides 
lA, IB, &c., it will be unnecessary, when the area only 
is required, to take out the natural numbers correspond- 
ing to the logarithms of those sides ; because in tjie pro- 
portions for finding the areas it will be sufficient to know 
the logarithms of the sides, without knowing their real 
lengths. 

To find th e log. of I A. 

As sin. HAI 70° 00' - - 9.9r^99 

: sin. AHI 81 30 - - 9.99530 

:: IH 28 - - - 1.4471« 



11.44236 



: lA . - • log. 1.46937 
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To find tj^ log. of IB. 



As sin. HBI 5S° Otf 
: sin. BHT 85 49 . - - 
:: TH S8 


9.89658 
9.99880 
1.44716 


^ • 


11.44596 


: IB - - log. 


1.54943 


To find the Ug, of IC. 




As sin. HCI 60° SOr - 
: sin. GHf 68 00 
:: TH 88 

» 


9.93970 

9.96717 
1.44716 


V 


11.41433 


: IC - , - log. 

•* > 


1.47463 


To find the hg. t^ W). 




As sin. HDI 50° 45' 
: sin. DHT 58 15 
:: TH 38 - 


9.88896 
9.93960 
1.44716 


• 


11.37676 


: Ub - - log. 


1.48780 


To find the log. of m. 


^ 


Assin. HKT 47*00' 
'. sin. EHT 39 30 
:: IH S8 . 


9.86413 
9.76395 
I.447I6 


• 


11.31111 


t IE - - log. 


13.4698 
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will be the distances^ intercepted on tbe stationary litie^ 
between each two adjacent off-sets respectively. 

Multiply tbe snm of each two adjacent off-sets by there 
intercepted distance on the stationary line ; half the sunt 
of the products will be the area required.* 

^Tote. The area of the off^sets must be added io^ or 
subtracted from^ the area within the stationary lines,, ac- 
cording as the stationary lines on which the off-sets are 
taken are within^ or without^ the boundary of the survey. 

EXAMPLE 1. Fig. 82. 

_ ■ « 

Required the area of a piece of meadow, bounded on 
one side by a brook, the field-notes being as follow. 







Left-hand off-sct9 on 


the 3rd side. / 




- 


Su. Dist. 


Off-s«ts. 




Ch. 


Ho. V. Ch. 


Ch. 


1. 


N. l6'iE. 14.3S 


1. 0.00 


0.80 


3. 


East, 7.8S 


S. 0.99 


0-8* 


3. 


S. 31 W. 14.4i5 


, 8. 2.03 


0.86 


4. 


N. 864W. 11.07 


4. 3.^ 


0.50 






i5. 5.20 


1.80 






6. 7.43 


3.35 






1.r 8.98 


1.45 




1 


8. 10.46 


i.od 




. 


9. 11.71 


1.85 

• 




, 


10. 14.45 


0.35 



The area of the part ABCD within the stationary 
lines will be found, by either of the rules in the^preceding 
section, to be 13 A. 1 R. 11 P. 

* Demonstration. — Considering the boundary as straight between th^ 
ends of each two adjacent ofT-sets, it is plain that the ar^t contained between 
the stationary line and boundary wiU be divided by the off-sets into trapezoids 
and triangles. Hence the truth of the rule is eTidest 
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To find ihe area of the off-sett. 



No. 



3 






I 9 
10 



v 



Sta.Dist. 
Ch. 



0.00 



0.95 



S.03 



3.28 



0.SO 



7.43 



8.98 



10.46 



11.71 



14.49 



NM^ 



OfT-sets, 
Cb. 



0.30 



0.84 



OM 



O.SO 



1.80 



3.35 



1.45 



1.08 



1.8» 



0.35 



foteicep. 
Dist. 



■■Maki 



0.95 



1.08 



1.35 



i.ds 



3.33 



1.55 



1.48 



1.35 



3.74 



Sums of 
CMf-«eU. 



1.14 



1.70 



1.36 



3.30 



4.15 



3.80 



*|p«iM^>«> 



3.53 



3.93 



3.30 



Products. 




• 1.0830 



i.8a80 



1.7000 



4.4160 



9.3545 



5.8900 



3.7444 



3.6635 



fi.oaso 



3)37.6144 

I8.8O73 Ch. 
1 A. 3 R. 31 P. 



Area of ABGD 
So. ci olF-sets 

Whole ares 



A. R. P. 

13 1 11 

1 3 31 

15 33 



s 
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EXAMPLE S. Fie. 83. 



Required the area of a survey from the following field 
notes. 

Left-hand Offsets. 




l.N. SB"! TV. 80.00 
3. N. 96^ £. 81.60 



3nd Stationary Line. 

Stk.DUt OiT-aets. 
Ch. No. Ch. Ch. 

1. 0.00 0.00 

8. 6.10 8.-iO 

3. N. 86i £. 13.44 8. 10.19 8.10 

4. S. 71 i E. 18.96 4. 14.08 3.96 
9. S. 86i £. 18.46 9. 19.30 8.70 
6. S. 49 W. 48.41 6. 81.60 t).99 

3rd Stat. Line. 
1. 0.00 0.99 



4th Stat. Line. 

Sta. Hist. Offsets. 
No. Ch. Ch. 

1. 0.00 0.55 

8. 4.80 8.90 

8. 8.09 3.80 
4. I.'i.l9 8.49 

9. 18.96 0.90 
Sth Stat. Line. 

1. 0.00 0.90 
8. 9.18 8.79 
3. 10.00 1.90 



8. 13.44 0.99 

4. 13.46 0.70 

The area within the stationary lines, found by either 
of the rules in the preceding section, is 1192.9381 square 
chains. 

To find the area of the off-aet$. 

2nd Stationary Line. 



No. 


Sta. Dist. 
Ch. 


off-sett. 
Ch. 


Intercep. 
Dist. 


Sums of 
Off-sets. 


Products. 


1 


0.00 


0.50 








8 


6.10 


8.40 


6.10 


3.9U 


28.7900 


3 


10.15 


3.10 


4.09 


6.50 


26.3890 


4 


14.08 


3.96 


3.93 


7.06 


27.7458 


5 


19.20 


2.70 


5.13 


6.66 


34.0998 


6 


21.60 


0.55 


2.40 


3.29 


7.8OOO 
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No. 



% 



3rd Stationary Line. 



Sta. Bist. 
Ch. 



0.00 



Off.sets, 

Ch. 



0.55 



13.4f4< I 0.55 



Intercep. 
Dist. 



iS.^fl 



Sums of 
Off-sets. 



Products. 



1.10 



14.7840 



4th Stationary Line. 



^^ 



1 


0.00 


0.65 


» 






s 


4.S0 


8.50 


4.30 


3.06 


13.8100 


3 


8.03 


3.30 


3.83 


6.70 


31.9460 


4 


15.15 


3.45 


7.10 


8.66 


40.1180 


5 


18.96 


0.60 


3.81 


3.96 


11.3396 



5th Stationary Line. 



1 


0.00 


0.50 


*• 




,■ 


3 


6.13 


3.76 


8.13 


3.36 


16.6400 


3 


10.00 


1.90 


4.88 


4.65 


33.6930 


4 


13.46 


0.70' 


8.4« 


3.60 


&9960 



3)368.9815 



Area of the off- sets 



134.49075 Ch. 



Area vrithiii the stationary lines 1163.6381 



1387.03886 Ch. 

138.703886 Acr. 
4 



3.811540 
40 



Area of th« sunrey, 1S8 A. S B. 3S P. 



33.46160 
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EXAMPLE 3. 



Ans. Area «» A. 3 R. S7 P. 



EXAMPLE 4* 

The following field-notes are given, to find the area 
of the survey. 

Left4ia]4i Off-sets. 
On the 1st side. On the 2ad side. 

Ch. 

1. S. 6»^iB. ift.l4 

2. S. 28 E. 9.88 

3. S. 323 W. 21.20 
4l N. 48 W. 22.47 

' 9. N. 2fi^ K 19.00 





SU.IXst. 


Offsets, SU.Diit Off«eU, 


K» 


Ch. 


Ch. No. Ch. 


Ch. 


1. 


0.00 


0.44 1. 0.00 


0.31 


«.- 


3.80 


S.00 S. S.67 


S.94 


3. 


7.04 


3.79 3. 6.20 


2M 


1. 


9.87 


S.34 4. 9.38 


0.39 


5. 


13.S4 


3.00 




6. 


16.14 


0.31 


m 






»in8. S6 A. a R. 


19 P. 



Required the area of a 


meadow from the 


foHowing 




Id notes. 








1 




Left-hand off-sots on 1 


the 3Dd side. 


1 


M 


• 


Sta.Ditt 


OBidtM, 




^^ Ch. 


No. 


Ch. 


Ch, 




1. N.41'*E. 14.38 


1. 


0.00 


0.38 




«. S. 42* K. 14.71 


s. 


£.65 


S.35 


1 
1 


3. S. 54 W.1&3S . 


3. 


3.80 


1.70 




4. N.SSi W. 11.50 


4. 


6.Q0 


«.7ff 






8. 


7.50 


1.40 




- 


6. 


9.60 


8.80 






7- 


1&38 


f.7» 


j 




8. 


14.71 


0.4d 


i 



1 



UEASUSINO LAND. 



141 



INTEE8ECTI0NS. 

When all the angles of a field, or small tract of land, 
ean be seen from two stations, either within or without 
it, the area may be found by means of intersections. The 
9ietbod of doing thfe will be best explained by an ex- 
ample. 

EXAMPLE 1. 

* • » 

Iiet ABCDEFGA, Fig. 84, represent a field, all the 
angles of which can be sefen from two stations H and I 
without it. The bearing and distance of the stations, and 
tbe bearings of all the angles of the field, from each sta- 
tion^ being as follow^ it is required to find the surea. 

The station H i)ears from the station I, North^ disti 
28 CL 



i 



/ 


Bearings. 




Bearings. 


HA 


S. 8inE. 


lA 


N. gS^iE. 


HB 


S. 8dj E, 


IB 


N.-lSi R. 


HC 


S. 68 ■£. 


ID 


N. 51 i E. 


HD 


8. Q8» E. 


N.yi E. 


HE 


S. 39i E. 


TR 


S. 82i K. 


UF 


S. S8i E. 


1*' 

[iG 


N. 73i E. 


HG 


S. 40 E. 


N.60 E. 



Construction. 

Draw HI according to the given bearing and distance, 
and fiestt the pdjttts H and I^ draw HA, HB^ HC, &c.; 



142 MEASURING LAND* 

and lA^ IB^ IC^ &c. according to the given bearings ; 
then will the intersections A, B, G, &c. of the corres- 
ponding bearings HA and I A, HB and IB^ HG and IC^ 
&c. be the angular points of the field. 

Calculation. 

In each of the triangles IHA, IHB, IHC, &c.^ we 
have the side IH^ and from the bearings of the sides^ we 
have all the angles^ to find the sides lA, IB, IG, &c. 

Then in each of the triangles lAb, TBC^ IGD, kc^ 
we have two sides aqd the included angle; whence the 
areas may be found by prob. Ill, sect. !• 

From the sum of the areas of the triangles IA6, IBG, 
IGD and IDE, which is equal to the area lABGDEI, 
subtract the sum of the areas of the triangles 1A6, IGF 
and IFE, which is equal to the area lAGFEI, the re- 
mainder will be the area of the field ABGDEFGA. 

J\rote. In working the proportions for finding the sides 
lA, IB, &c., it will be unnecessary, when the area only 
is required, to take out the natural numbers correspond- 
ing to the logarithms of those sides ; because in the pro- 
portions for finding the areas it will be sufficient to know 
the logarithms of the sides, without knowing their real 
lengths. 

To find th e log. of I A. 

As sin. HAI 70" Off - - 9.9r^99 

: sin. AHI 81 30 - - 9.995S0 

:: IH 28 - - - 1.4471« 



11.M336 



: lA . - • log. 1.46937 
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To find tj^B log. of IB. 



As sin. HBI SS," OOf 
: sin. BHI 85 49 
:: TH S8 


• 

• 

log. 

, of IC. 

■ 

1<^. 

■ 

log. 
o/IE. 

log. 


9.89668 
9.99880 
1.44716 




11.44596 


: TB 

To find the U>g, 

As sin. HGI 60° Stf 
: sin. CHI 68 00 
:: TH 38 


1.54943 

9.93970 

9.96717 
I.447I6 


• 


11.41433 


: IC ... 

To find the log. 

As sin. HDl 50" 45' 
: sin. DHI 68 15 
:: 1HS8 


1.47463 

9.88896 
9.9S960 
1.44716 


ft 


11.37676 


: ID - . 

To find the hg. 

As sin. HFJ 47° 00' 
: sin. EUi 35 80 
:: TH 28 - 


1.48780 

* 

•1 
9.86413 

9-76395 j 

I.447I6 

■ 


•k 


11.S1111 


: IE 


18.4698 

« ■ 
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To find ike 


Uig.eftB, 


i 


As tin. mfl 78' 00^ 
: am. FTIT «8 80 
:: m S8 ... 


• 

• 

log. 


9<990M 
9.67866 
1.41716 


k 


11.1S08S 


! IF »■ ' 


l.iaMil 




hg. of IG. 


/ 


jLs sin. HGI 80" 00* 
: gin. GUI 40 00 
:: TH «8 


• 

log. 


9.99335 

9.80807 
1.41716 




11.S5023 


: IG 


. 1.S6188 


To find the iouHe area of (he triangle lAB. 


Asrad. 
: sin. ATB iV 49* 

::IAxIB, i^B 


- log 

• 


10.00000 
9.97600 

. 1.46937 
1.54943 


: SIAB»18.S 


a.39480 



To find the double area of the trian^ IBO. 

As tad. - - • 10.00000 

: sin. BIC 9" 10^ . 9JM)613 

CIB - - log. 1.54943 

:; IBxIC, ^j(3 _ _1 l.4r463 

: J&.IBC 169.9 - - ».83019 



:^mI 



irtrt aiTWtxc ft i.A-Mn* ii§ 



To find the double area of the triangle ICB. 

Asrad. - - - 10.00000 

i sin. cm 19* 30^ - - 9.5S3S0 

" ^^^'^tlJjy . . _ 1.48780 



: «.IGD 306.15 - - JB.48593 



To find the dovJble area of the triangle IDE. 

Asrad. - - - 10.00000 

: sin. DIE 26° 30* - 9.64953 

JDxIE^'® - Jog. 1.48780 

- auxin,, «5jg _ _ _ 1.34698 



xIE>^ 



■ III 



: 8.IDE 309.007 - - !*4S4!81 



To find the double area of the triangle lEF, 

Asrad. - - - 10.00000 

: sin. EIF S4* 00* - 0.60931 

log. 1.34698 



'ITF' 



:: lExIF, JT17.' 1.13S43 



: g.IBFlS3.511 - - S.09171 



To find the double area of the triangle IFG. 

Asrad. - - - . 10.00000 

: sin. FIG 13' 30 - ' 9.36818 



:: IFxIG, ^ 



IF - log. 1.13543 

IG . . — 1.S6188 



: S.IFGe8.g74! t - 1.76318 



HI 



MBAtCSnn LAV». 



T^Jlni 1k» ioM» ana ^Ae triangU IA&. 



AmhA, 

i sin. AIG 31* 9a 

lA 



:: lAxIG 



'{ 



16 



t ft.IAGS8i.418 



10.00000 
9.71809 

log. 1.46937 
..- 1.36188 



1<M934 



t.IAB 
S.IBO 

8.iDfi 

S.IABGDBI 
SB.IAGFBI' 



Ch. 

169.9 
806.15 

809.007 

1029.SS7 
463.197 



8.ABGDEFGA 906.060 



Ch. 

2.IEF 123.511 
S.I]?G 88.274 
S.IAG S81.413 



S.IAeFBI 463.197 



ABGDEFGA !^a.03 Gh. « 88 A. 1 R. 8 P. 

The bearings and distances of the sides^ if required, 
might readily be obtained. For^« having found the dis- 
tances I A, IB^ we have in the, triangle lAB^ two sides 
and an included angle; whence the angle lAB and side 
AB may be found. The angle lAB applied to the bear- 
ing of lA^ will give the bearing of AB. In the same 
manner the bearings and distances of the other sides may 
be found. 

EXAMPLE 8. 

Being required to calculate the area of a field^ the 
owner of which refuses permission to go on it^ I choose 
two stations^ F and 6, in the adjacent land^ from whence 
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all the angles of the field are visible. The bearing and 
distance of the stations, and the bearings of the angles, 
from each station, are as follow. What is the area of 
the field? 



l^e station G bears from the station F, N. 43° W. 
SOcb. ' 



FA 



FB 



FC 
FD 



Bearings. 



■ i » ^ I 



N. 23° i E. 
N. 19 W. 



N. 5 W. 



N. 16 B. 

T in |i > «ii 



FE In. 60i E. 



•■ — ^-Mir^— 



Gk 



GB 



GC 



GD 



Gi: 



Bearings. 



S. 66° E. 



N. S3 E. 
N. 38} E. 



fm^ 



N. 601 S. 



' ^ W Ml 



S., 84. E. 

^9. 3^4.. ill, 7 ?« 



; » 
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FUDBLEM I. 



To tay out a given quavMtf/ qfland in a square form. 

» 

RULE. 

Reduce tha given gnantity fo ehains or fiercbes and 
extract the gquare root^ which will be the .length of a 
side^ of the same denomination to which the given qnan^ 
tity is reduced. 

EXAMPLES. 

1. Required the side of a square that shall contain 

»A. 3B. 28P. , 

40)28 Per. 

4)3.7 R. 

9-92S A. =» 99.25 Ch. 

> Ch. 
99.3d(9.96 Ch. the length of a side. 
81 



189)1895 
1701 



1986)13400 
11916 

484 
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S. Required the side of a sqaare tract of land that 
shall contain, 3S5 acres* dns. 57 Chains. 

4 



PROBLEM n/ 

To lay out a given quantity of land iji a rectangular 

form, having one aide given. 

I RULE. ;« J 

Divide the given content by thc^ length 9f the given 
side, the qpotient will be the length of thft Jpequired side. 






EXAMPLES. 



1. It is required to lay out 120 acres in a rectangular 
form, the length of oiie side being giviin, equal 100 
perches. 



c • • ** I . • \ ' 



Acres. :/-.*.- 

^80 • t • - 

480 
40 

1,00)192,00 

lj9S perches^ the length of the other jside. 

> ' . ■ . • ■ .' , '^ . 

%. The length of a rectangular piece of land is 8 
chains ; what must be its breadth^ that the content may 
be acres. Am. 6.S0 chains. 
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PROBLEM m. 

To lay out a given quamHitjf 4ff Uuid in a rectangvlar 
fomif huving the length to the breadth in a given 

ratia. , w , ' . 

« 

RUI.£* 

As the less namber -of the ^ven ratio^ 

Is to the greater ; 
' Sois^<he5lvenaret, » ' 

• To a fourth terin.^ 



It 



The square root of this fourth term will be the length 
required. Having the lengthy the breadth may be found 
b; the preceding problem- Or it may be found in ihe 
aame manner as the length. Thv^y 

As the greater number of the given ratio^ 

Is to the less ; 

So is the given area^ • 

To a fourth term. 

The square root of this fourth term will be the breadth 
required. 

EXAMPLE^. 

1. It is required to lay out 864 acres in a rectangular 
form^ having the length to the breadth in the ratio of 5 
toa 



i 



* Demo nstk atioi». Let ABCD, Fig. 85, be a rectangle, and let ABFB and 
AHGD be squares on the greater and less sides respectively : then (1.6) AD s 
A£ (AB) :: the rectangle AC : square AF. Also AB : AH (AD) :: the reetan*- 
gle AG : square AG. HencethetruthoftherplebeTident. 



864i A. -> 138840 p. 

Sq. P. Sq. P. 

jIlS S : 5:i tdSMQ : S8(MO0 
v^SBOMO ^ 4A0 Ferohei^ the kngUi ireqiured. 

Sq. P. Sq. P. 

As 5 : 3 :: 138340 : 83944 
%/8S0M » S88 Perches^ the breadth required. 

3«^ fi^iH i!«quired to lay oat 97 A. 3 R. 30 P. in a rect- 
angttlatf^^ fomi^ haviag the length to the breadth in the 
ratio 0f to 7. Ans. Length 7i^«7Sd P- Breadth 
58.897 P- 

PROBLEM IV. 

« 

t 

To lay out a given quantity of land in a rectangtdur 
form J having the length to exceed the breadth by a given 
difference. 

To the given area^ add the square pf h^lf the given 
difference of the sides^ ai^d extract the square root of the 
sum ; to this root add half the given difference for the 
greater sideband subtract it therefrom for the less.^ 

* DsMONSTRATioK. Let ABCD^ fV^. 86, be a rectangle; in DC let DE be 
taken equal DA or BC, and l€t £C be bisected in F $ then (6.2 ) DF^r^DC X DC 
4.FC3=DCX AD4-FCS=the rectangle AC+the square of half the difference 
of the sides DC, DA; also DF^FC^DC, the greater side, and DF— FC=DE or 
BAf the less side. 

This problem may be neatly constructed liius : take EC equal the given dif. 
ference of the sides and bisect it in F ; make EG perpendicular to EC and equal 
to the square root of the given area, and wit|i the centre F and radius F6 de- 
scribe the arc DG- meeting C£ produced in D; make DA perpendicular to DC 
and equal to Dfi, and comp^^ the rectangle ABCD, which wtM be the one re- 
butted. Since (4M.) F6«cs£G8-f EF'sthe given area+Uie square of half 
the given difference of the sides, the truth of the construction is plain from the 
preceding demonstration. 
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^XAMVLES. 

1. It is required to lay oat 47 A. Ifr R. 16.P. in a rect- 
angle, of whieb the length is to exiceed tiie breadth by 88 
perches. 

8)80 P. 47 A. » E. 16 P. - 7616 Per. 
» 1600 



40 



40 ' v^9Sl6.96 
Aalf diff. add and subtatct 40 



1600 



length 136 

breadth 56 

S. It is required to lay out 114 A. « R. 33,4 P. in a 
rectangular form, having the length to exceed the breadth 
by 16.10 chains. Jins. Length 43.35 Ch. Breadth 
37-15 Ch. 

1 

PROBLEM V. 

To lay out a given quantity of land in the form of a trian^ 
gle or parallelogram^ one side and an adjacent angh 
being given. 

RULE. 

For a triangle. 

As the ^rectangle of the given side and sine of the 

given angle^ 
Is to twice the given area ; 
So is radius^ 
^ To the other side adjaeent to the giv^i angle. 

Then having two sides and the li^cluded angle given^ 
the other angles and side^ if required^ may be found by 
trig, case 3. 
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Vw a parallelogram. . 

* 

As the rectangle of the given side and sine of tfa^ 

given angle, 
Is to the given area ; 
'So is radius. 
To the other side adjacent to the given ang^le.^ 

EXAMPLES. 

- 1. Let AB, BC, Fig. 87? be two sides of a tract of land ; 
the bearing of AB is 8. S/^j W. dist. I6.ai5 ch.* and the 
bearing of BC, N. ST^i E-; it is required to lay off 10 
acres by a straight line AD, running from the point A to 
the side BC. 

Bearing of feA, N. STJ E. 
BC, N. 27i E. 



ir\o 



Angle B, 60 

* .,, . ^CABl6.S5ch. Ar. Co. 8.78915 

A8ABxsm.B^^j^B go. - 0.06^ 

: twice the given area 200 sq. ch. - 2.30103 

n rad. ..... 10.00000 






: BD 14.21 ch. . .• . 1.15265 

* DsMONSTAATioK. Itis demonstrated, prob. 3, sect 1, Measuring Land, 
that rad. : sin. B :: AB X BD : 3.ABD (see Fip. 87) ; therrfore (1.6 cor,) rad. 
X AB : sin. B X AB :. AB X BD : 2.ABD, or (16.5 ) sirt. B X AB : 2.ABD :: rad. 
X AB : AB X BD :: rad. : BD. Since ABDF is equal to 2. ABD, the truth of the 
rule for the parallelogram is evident. 

This problem may be constructed as follows; take AB equal the given side 
and draw BC making the angle B equal the given ai[igle; make BE perpendicu- 
lar to AB and equal twice the g^ven area of the triangle divided by the given 
side, or equal the given area of the parallelogram divided by the given side; and 
parallel to AB, draw EF cutting BC in D ; join DA, then will ABD be the trian- 
gle required, or complete the parallelogram ABDF, for the one required. The 
reason of the construetion is plain. 
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8. Piven the side AB, Fig. Iff, of a parallelogmm, 
equal SO ch. and the angle A^'SOf; required the side 
AC, that the content may be Sli acres. 

C AB SO eh. At'. Co. 8.69897 
AsABx8in.A|gjjj^g30 3(y , 0.048S1 

: the given area S15 sq. eh. - •' 8.8884* 

:: rad. .... tO.OOOOO 

: AC 18.01 ch. ... 1.0798» 

8. Given one rfde of a tnangle, equal 80 perches, an 
angle adjaceht to this side, 71° IS*? »»* the area 8 acres; 
required the other side adjacent to the g^ven angle. Jm. 
88.53 perches. 



4. Given one side of a parallelograni, equal to 38 
ch., an angle adjacent to this side 83* 80^, and the area 
%4 acres; required the other side adjacent to the given 
angle, dna. 83.09 Ch. 



PROBLEM VI. 

UiB area and base of a triangle being given, to cut qf a 
given part oftheArea by a line running from the angle 
opposite the base. 

RULE. 

A 

As the ftvwQ area of the triangle^ 

Is to the area of the part to be cut off; 

So is the given base. 

To the base corresponding to that area.* 



* The truth of this rule U masfest from h6. 
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EXAHPLES. 

1. Givea thQ area of tlie triangle ABC, Fig. 88^ equal 
650 square perches and the length of the base AB 40 

perches ; it is required to cut off ^90 perches towards 

the angle A^ by a'line running; from the angle G to the 

biise* 

ABC. ADC. AB. AD. 

As 650 : S90 :: 40 : 1^.84 per. 

3. In a triangle ABC^ there are giv^en the area 97 A. 
IB* 16 P. and the base AB 35;30 ch., to cut off 10 
acres towards the angle B, by a line CD running from 
the angle G to the base ; the part BB of the base is re« 
quired. 4h«« 12.87 ch. 

PROBLEM VIL 

The4irea and two sides of a triangle being given ^ to cut 
offairiangh caniaining a given area, by &, lime run- 
ningfi'om a ginen point in one qfthe gice^ sides and 
falUng on the oAer. 

RULE. 

As the given area of the triangle^ 
Is to the* area of the part to be cut off ; 
So is the rectangle of the ^iven sides^ 
To a fourth term. 

Divide this fourth term t^y the dbtancQ of the ^ven 
poini from the angular point of the two given sides ; the 
quotient will be the distance of the required point from 
tiie same angle.^ 

* Demon«tbati<>v. From the djemonstration to prob. 3» sect. 1, Measuring 
Luid, we-dftve* J**!^'. 89, nd. 2 sin. A :: Afi X AC : 3ABC and rad, : sin. A :: Al? 
X AG : 2 APG ; thentore (11 & 16.5) SABC : 2APG :: AB X AC : AP X AG or 
(15 5) ABC : APG :: A9K AC : APX AG; Jb^ncQ the tmtb ol Oie rule U ma- 
nifest 
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EXAMPLES. 



1. Given the area of the triangle ABC, Pig. 89^ 9 
acres^ the side AB 50 perches^ the side AC 40 perches^ 
and the distance of a point P from the angle A^ 36 
perches ; it is required to find a point G to which^ if a 
line be drawn from the point P, it shall cut off a triangle 
APG containing 3 A. R. 20 P. 

As the triangle ABC 800 sq. p. Ar. Co. 7*09991 
: the triangle APG SOO - - 2.69897 

ATI AP S'*^ '^ - 1.69897 

:: AiS X Alj, Ij^q ^ . . 1.60^6 

; APxAG - - . 3.09691 

AP 36 - - log. 1 55630 



AG 34.7s per. - 1.54061 

• 

2. Given the area of a triangle ABC^ 12A. 1 R. 23 P. 
the side AB 20 ch., the side AC 16.25 ck, and the dis- 
tance of a point P in the side AB^ from the angle A 8.dO 
ch. ; it is required to find the distance AG of a point G 
in the line AC^ so that a line drawn from P to G may 
cut off a triangle APG containiqg 3 aicres. ^ns. 9.29 ch. 

PkOJ3LEM vin. . 

T%e area and base of a tricmgle being given^ to cut off a 
triangle containing a given area by a line running jpa- 
rallel to one of the sides. 

As the given area of the triangle^ 

Is to the area of the triangle to he cut off;. 

So is the square of the given base^ 

To the square of the required base. 



•I 
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The square root of which will be the base of the re- 
quired triangle.* 



EXAMPLES. 

1. Given the area of the triangle ABO, Fig. 90, 500 
square perches, and the base AB 40 perches ; it is re- 
quired to cut off ISO sq. per. towards J.he angle A, by a 
line DG running parallel to the side BCv 

As the tria^gle ABC 500 Ar. Co. 7.30103 

: the triangle ADG ISO - ' - 2.07918 

.™ ^AB 40 , l.«0206* 

• ^*^ ?AB 40 - - 1.60s!06 



: AD* ... - 2)3.58438 



AD 19.6 per. - 1.29216 

S. Given the area, of a triangle ABC, 10 acres, and 
the base AB Sd ch., to find BD a part of the base, so 
that a Une DG running from the point D, parallel to the 
side AC, may cut off a triangle BI)G containing 4ii acres, 
^ns. BD=16.77 ch.f 



* The truth of this rule is manifest from 19.6^ 

This problem may be neatly constructed as followis : Let ABC, Fig, 90, be the 
given triangle and AB the given base ; on AB describe the semicu'cle AEB and 
take AF to AB in the mtio of the part tb be cut off, to the whole triMigle ; draw 
FE perpendicular to AB, meeting the semicircle in E, join AB and make AD 
equal to AE ; from D draw DG- parallel to BC and the thing is done. For, job 
£B and we have by stniilar triangles, ABl : AE :: AE : AF ; therefore (20.6. cor. 
2.^ AB : AF :: AB » : AE (AI>a) :: (19.60 ABC : ADG. 

. f If it be jequired to produce two sides of a g^ven triangle so far that tb^ 
triangle formed by these Aides produced, and aline drawn between them paral- 
lel to the tlurd side, n^ay contain a given area, it tMtf be done by the reverse of 
th$ above rule» Thus Fig, 90; ^^pG : ^BC :: ADa : ABS. 



1S8 
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PROBLEM IX. 

The bearings of two adjacent sideSy AD, AE, Fig. 91 9 qf^ 
a tract of land being given^ to cut off a trian^e ABC 
containing a given area by a line BC running a given 
course. 

BULB. 

From the given beuings of the lines^ find the angles 
A; B^ and C ; then^ 

• ) 

A9 the rectangle of the sines of the angles A and B^ 

Is to the rectangle of radius and sine of the angle G ; 

So is twice the given area. 

To the square of the side AB.^ 

In like ma'nner the other sides may be found ; or hav- 
ing found one side^ the others mliy be found by trig, 
ease i. 

1. Let the bearing of AD, Fig. 91, be N. ST 80^ E., 
and of AE, N. S7* SC/ E.; it is required to cut off 10 
acres by a line BC running N 38** W. 



• The truth of this rule is evident firon the demonstntkm to {ireb. 4^ leet K 
Measuring Land. 

Construction. Draw AD> AE» Fig. 92, accordkij^ to Uie given bearing* and m 
AD take AF equal the square root of the given area» and on it describe the si^aaie 
AFGH r make IB==AI anddrsuv ED of theaaitie bearing as the division fine B0« 
meeting AD in D$ on AD describes semicircle and pcoduce GF to meet it in 8^ 
join AK and make AB equal to it; draw BO puMlle} to HE, and A^G will be the 
triangle required. For join IF, EF and KD, then (31.3. and cor 86) AD : AK 
(AB) :: AK (AB) t AP; or (cor. 19.6.) AD : AP :: ADB : ABC j but (16 ) AO : 
AF :: ADfi : AFB; therefore (11.5.) ADE : ABC :: ADE :• AFEi^Ad consequeilt- 
ly (9.5 ) <ABC=5AFE ; but fiecauae AIssIE, AFE=2AFI=s(4i.lO AFGBi thefe- 
fore ABC:=: AFGU=the given area of the triangle. 
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ADj^srao'B BAf&sjraorw BA,s«r8(yw 

AB, N^r 80 E BC; N as 00 W GB, S 88 OO.E 



MtaMVMM* 



Angle A 60 00 



12» 30 
180 00 



Angle € 6$ 30 



Angle B M 30 



As shi^ Ax sin. B, 'i 



A 60' 00' 

Bd4 30. 

. CO 65 30 

: rad.xsim C, i^^^ 

:: twice the given area, 200 aq. eh. 



: AB* 



AB 16.07 



Ar.Co. 0.06347 

0.08931 

9.95903 

- , 10.00000 

s:30108 



-v 



3)3.11183 



1.30591 



fL Given the bearing.of one side of a tract of land, 
S. 53^ 19^ £., and the bearing of an adjacent side taken 
at the saiye angky N; 6S* 06^ £.; to eut off 4 acres by a 
line ranning N. 4* OOT W.; required the distance on the 
first side. dns. 9.76 eh. 



PROBLEM X. 



The bearings qf three adjacent aides, £A, AB, BF, Figs. 

. 93, 9i, qf a tract qfUund, and tke length. of the middle 
side AB, being given, td cut qff a trapezoid ABCD 
containing a given area, by a 2tne.DC parallel to AB. 



RULE. 



Suppose tbe sides EA, FB, produced to meet in 6, 
and from the given bearings find the angles G, A andB; 
also by trig, case i, find the distance GA. Then, 
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As tfae reetangle of the sines of the angles A and G^ 
Is to the rectangle of radius and sine of the angle B; 
So is twice the area to be cut off^ 
To a fourth term. 

To or from the square of GA, according as the sum of 
the given included angles EAB and ABF is greater or 
less than ISO'', add or subtract this fourth term; the 
square root of the sum or remainder will be the distance 
GD, and the difference between GD and GA, will be 
the distance AD.* 



• Demonstration. For Fig.93, 94^ GAB : GDC :: GA« : GD» (19.6 ) and 
by division GAB : ABCD :: GA* : GA^flO GDs, or(15.16.5)3GAB : GA< ::^ABCD 
: GA^QG GD3; but by the demonstration to prob A, sect. 1, Measuring Liandy sin. 
A X sin. G : rad. X sin. B :: 2GAB : GAs; consequently (1|.5.) sin. A Xsin. G : 
rad X sin. B ;: 2ABCD : GA2 » GD2; hence the truth of the rule is manifest, for 
if the difference of the squares of GA and GD, be added to the square of GA in 
Fi^ 93, or subtracted from- it in Fig.9^iheB\xm dr reminder ,wiU be the square 
of GD. 

Canitruction, Let £A, AB, BF, ffg. 9^ represent the giren aides. On AB 
make the parallelogram ABHL eqUal to twice the area to be cut off, produce 
£A, FB, to meet in G, and on GL describe the semicircle GML; fn)m A, draw 
AM perpendicular to GL, meeting the semicircle bi M, join GM and make GD 
equal to it; from D, draw DC parallel to AB, then will ABCD equal half the 
parallelogram ABHL For join BL, tlien (1.6) GAB : ALB :: GA : AL, qr 
26AB : 2ALB (ABHL) :: GA : AL; but (13.6) GA : AM :: AxM : AL, or (cor. 
2 20 6 ) GA : AL :: GA« : AM* (GD2— OA2) :: (by demonstration to the rule) 
2GAB : 2ABCD; therefore (11.5.) 2GAB : ABHL :: 2GAB : 2ABCD; conse. 
quently 2ABCDaiABHU 

Nearly in the same manner the area may be laid off on the other side of AB. 
Tims on AB make the parallelogram ABA/, equal twice the area to be cutoff; on 
CrA, describe the semicirele AmG, and from / draw Im perpendicular to GA, 
meeting the semicirc^ in m ; join Gm, make Gd equal to it, and draw dc parallel 
to AB, then will ABcd contain the given area. The demonstration is nearly the 
same as above. « 

J\^ote, When the side Al of the parallelogram ABhl exceeds GA, it is evident 
the given area cannot be laid off on this side AB, because it will exceed the 
area of the triangle GAB. 
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JWfe. This problem admits of several other methods 
of solutioQi but that coatained in the above tide is^ per* 
hap^ as simple as any. 

EXAMPLW. 

1. Let the bearing of EA^ JP%. 93^ be West^ AB^ N. 
lO* £.) dist. IS ch.^ and BF^ N. 98^ 80" E. ; it is re. 
quired to cut off 10 aeres by a line DG running paraUet 
to AB. 

EG, U se^W W GE,iJ90"O(yE FG,S58'3(/W 
AB, N 10 00 B OF, N 58 3Q E BA, S 10 00 W 



AogleGABlOO 00 

As sin. G 81« 3(> 
: sin. B 48 30 



G 31 30 GAB 48 30 



Ar. Co. 



• •• 



AB iff 



: GA S1.501S 



GA* 468.8 



As sib. Axsin 



in. G, \ 



AlOO^OO^ 

G 31 30 

, . _ C B 48 30 
: rad. X8m.B, ^^ 

:: twice the giyen area SOO sq. cb. 

: a fourth term 291.i09 sq. ch. 
GA* 46S.3 



0.28191 
9.8744ft 

1.17S09 

1.33^16 

-,« 



Ar. Co. a.OQB0fi 

0.88191 

. 9.87446 

10.00000 

8.30103 



8.46409 



V753.4O0-S7.40 ch.»GD 

81.00 ^GA 



0i9» eh."AD 



r 
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liCt the bearing of E A Fi^. 94, be East, AB, N. 40^ 
E. flist. 15 ch., and BF^ S. 58^ Sff W, then the angles 
G, GAB, GBA, the distance GA. and area GAB, being 
the same a£ in Fi^. QB. it id required to cut off the same 
a.rea by a line DC parallel to AB* 

From OX* 462.3 

Subtract the 4th term 391 . i 05 

« 

>/171.195=13.08 cii..GD 

SI. 50 -eii 



•8.42 ch.-AD Ftg. 94. 



S. Given the bearings of three adjacent sides of a tract 
of land and the length of the middle one as follow ; 1st. 
N. 20" W, Bnd. N. 60* 80^ E., dist 6 ch. 3rd. S. 61° 
80^ E. to cut off a lot containing 2} acres, hj a line pa- 
rallel to the 2nd side ; required the distance on the first 
side. Jtns. 3.45 ch. 

3. Given as follow ; 1st side N. 31° 16* W. 2nd. N. 
08° 45^ E. dist. 13.50 ch. 3rd. S. 14° 45^ E. to cut off 8 
acres by a line running parallel to the 2nd side ; the dis- 
tance on the .1st side is required. >8.n8. 6.38 ch. 



PROBLEM XI. 

The hearings of three adjacent sides j EA, AB, BF, Fig. 
96, of a tract of land^ and the length of the middle sii^ 
AB, being given, to cvt off a trapezium ABHI con- 
taining a given area by a line HI running a given, 
course. 

RULE. 

Suppose the aides EA^ FB; produced to meet in G, 



J 

j 



/ 
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iittd let DC parallel to AMf be a liBe cutting off the ^yen 
9irea. 

From the given bearings^ find ihe angles A, G, B, H 
tod I> and by the preceding ^problem find the distances 
GAand^D. Then, 

- ■ • « .-* . 

As the rectangle of the sines of the opposite angleisi 
B and I,* . 

Is to the rectangle of the sines of the opposite an- 
gl^ A and H ; 

So is^ the square t)f the distance (GrD, 

To the square of the distance GI. 

The square root of which gives GI, and the difference 
between GI and GA will be the distance AI.^ 

EXAMPLES. 

1. Let the bearing of EA, Fig. 96, be N. SV SCT W. 
AB, North, dist. 13 ch., and BF, N. 88' E. ; it is re- 

• DsMONSTB ATipir. Draw CM, Fig, ^, parallel to HI ; then by tfi^. , 

As sin. GCD (B) : sin. GDC (A) » GD : GG, 
*', sin. GMC (I) : sin. GCM (H) :: GC : GM. 

Therefore (23.^ sia B X sin. I c sm. A X sin. H k GDXGC : GMXG^ :s 
(cor. 1.6.) GD r GM; but (19.6.) GP: GM» :: GHI (GDC) ; GMC :: (1.6.) Gli 
: GM :: (cor. 1.6.)'GD» : GM X GD; therefore (11.16.5.) GI* : GD* :: GM« : GM 
)^GD :: GM : GD, or GD : GM :: GD^ : GI* i consequently (U.5.) sin. B. X sin. 
I : sin. A X sin.H :: GD2 : Gb. 

Construction, By the construction to the p»recedtng problem, draw DC, J?^. 
97, parallel to AB, cuttmg off the trapezoid ABCD containing the given area* 
From C, draw CM according to the given bearing of HI, oh GM describe the se- 
micircle GLM, and from D draw DL perpendicular to GM, meeting the semicir- 
cle in L ; join GI^ make GI equal to it, and draw IH parallel to MC, then will 
the trl^iezium ABHI, be equal to the trapezoid ABCD, and consequently con- 
tain the given area. Since (31.3, and cor 8.6) GD : GL (GI) :: GL (GI) : GM, 
or (20.6. cor. 3.) GD : GM :: GDS : Gls, the tnith of thfs conitraQtiion is mini* 
fest from the demonstration to the rule. 



i1» 
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tired to eat off 40 wsne by a line Ml, Tahning S. i^ 
8(y£. 

AG, N80*80'W €JE, S 80*S(yE BG, SCBWTW 
AB, N « 00 W iff', N 08 00 E BA, S 00 W 



Angle GAB 80 30 



138 30 AiLGBAdSOO 
180 00 



Angle AGB U 30 



HG, S /W OO' W 
HI, S 14 30 ^ 

Angle Gfll 7% ^0 



IG, NSO-SCW 
IH, N 14r 80 W 



■w-^ 



Angle GIH 66 00 



As sin. G 41° SO' 
: sin. B 08 00 
:: AB IS 

: GA 10.308 



G A* 839.87 



At. Co. 0.17874 
9.9284® 
1.07918 



1.18634 
2 

S<37868 



As sin. Axsin."G, ^^ 



ABO^SO' 
41 30 

08 00 



Ar. Co. 0.00600 
,. — — 0.17874 

. CB08OO - - 9.988*8 

:rad. Xsin.B, ^^^ _ 10.00000 

:: twice the area to be cut off, 800 sq. ch. 8.30103 



a foorth term S09»03 
GA»-S3e.87 



8.41419 



GIP»490.4O 



IKYING eUT AND BIVipiNb ^AKD. iS^ 

BSSfWf Ar. Go. 0.07^98 

0.03987 



As sin. Bxsin. I, |^j gg qq 



. C A 80 30 . - . 9.99400 

: sin. Axsm. U, ^ Q^jg 3q ^ §.97943 

:: GB* 405.40 - - - 8.69496 



GP - - - 8)2.77923 

GI 24.53 • ■ 1.38961 

GA 15.36 



AI 9.16 cb. 

2. Given the bearings of three adjacent sides of a tract 
of landand the length of ^e middle one asfoUow } 1st. 
N. 31° 15' W. 8nd. N. 58° 46' E. dist. 13.60 ch. 3rd. 
S. 14° 45' E. to cutoff 8 acres by a line running N. 87° 
SO' W. ; required the distance on the "first side. «Jn«. 

!».67 ch. • 

• • I - ■ 

. . • I ... 

S. Given as follow; <st side, J(. 74° 46' W. «nd. N. 
137° iB. dist. 17*24 «h, 0rd. N. 84° ,E., to cut off a field 
cimtMnlBg^&^ftcres jby-lijliBe rttaning S. 4U)° W.; the dis- 
itance on the 1st side is neijuited. , Ans. 14.01 ch. 



PROBLEM XII. 

The bearings gf several adjacent sides^ LA^ AB, BC^ 
CD,*DB, EF, Fig. 98, of a tract of land, and the dis- 
tance of each, except the first and last, being given^ to 
cut off a given area by a line IH running a given 
course from a point sormicheve im AL^ and falling on 
BF. 

BULK. 

Suppose a line drawn from A to E, and calculate the 
area of ABCDSA and the bearing and distance of E A. 



r 
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Sobtract the area of ABCDEA from the area to be cut 
off^ the remainder will be the area of AEUI. 

Then having the bearings of LA, A£,EF, HI, the dis- 
tance A£ and the area of AEUI, find AI 'by the pre- 
ceding ptoblem.* 

EXA.UFL.ES. 

1. Let the bearing of LA, Fij:. 98, be N.'48" SOf W. 
AB, S. 78' OCy W. dist. 8 ch. BC, N. 26" Sff W. dist. 
11.98 ch. CD, N. 38' ^Of E. dist. 1S.82 ch. D£, S. 
64° 0(r E. dist. 10.S& ch., and £F, S. 86° (KT E. ; it is 
required to cut off 30 acres by a line HI mimiBg S. 3!^* 
15'W. 

To find the area of AlSCQEA. . 





Sta. 


Coones. ' 


* 
%^> A 


17. 


8. 




*M* AKt« 


aArau 




AB 
BC 


S 78^ W 


8.00 




1.66 


7.83 


1773 
9.90 


« 


29.4318 




N 26i W 


11.08 


•9.91 




; 4.95 


4.95 

aoo 


49.0545 


' 




CD 


N38i£ 


12.82 


10.03 




7.98 


7.98 
14.96 


80.0^94 

1 


1 


« 


DE 


S 64 £ 


10.86 




4.76 


9.76, 


25J2 
35.48 




122.4272 

« 




EA 








13.52 
19.94 


4.96 

r 


3052 
2556 




419.6304 










19.94 


I7.74;i7.74 


t 


129.0939 


564.4894 



129.0939 

2) 135.3955 

217.69775 
Sq, Ch. 



Sq. Ch. 

Area to be cut off 300. 
Area of ABCDEA S17.69775 



Area of AEHI 



8S. 30335 



* This role needs no deinonstTfttion. 
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Aa diff. of lat. of EA, iS.52 S. Ar. Co. < 8.86902 

dep. of do. ' 4.96 W. > 0.69^48 

rad. .... 10.00000 



: tan^. of bearing of £A, S. S0° 9^- W. 9.56450 

As rad. .. - Ar. Co. 0.00000 

: sec. of bearing 20° 9' - 10.03743 

:: diff. of lat. 13.52 . - 1.13098 



: EA 14.40 - - 1.15841 

V 

Now Ve have given the bearing of LA, N. 48** S(f W. 
AE, N. 20^ gr. E, dist. 14.40 eh,, and EF, S. 86** OO' E. 
to cut off a trapezium AEHl containing 8S.S sq. ch. by 
aline HL running S. 32® IS' W. Hence by the pre- 
ceding problem wjb find the distance AI=3.61 ch. 

3. Given as follow ; 1st side, N. 6S^ 15' W. 2nd. N. 
ly Off E. d!st. 18i5h. 3rd. 8. 7T 0& E. dist. 15.2"b ch. 
4th. S. 27*" 00' E., to cut off 35 acres by a line running 
S. 82"* 30' W., from a point somewhere in the last side 
and falling on the first ; required the distance on the first 
side. Jlns. 5.14 ch. 



PROBLEM Xm. 

The bearings ^f several adjacent siieSj AB, BC, CD, 
DE, Fig. 99, of a tract of land, and the distance of 
each, except the last, being given, to cut off a given 
area by a line AH running frmn the angle A and fall- 
ing hn the side DE. 

RULE 1. 

Suppose a line drawn from A to D, and calculate the 
airea of ABCD A and the bearing and distance of DA ; 



1«S 
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sobtrMl the area of ABGDA horn tke ana to be eat o^ 
the remainder will be the area of ADUA. Also from 
the bearings of DA and D£^ ftnd the angle ADK 

' Then having the angle ADH^ di^nce AD and area 
ADHA^ find DH by problem 5th. 

With AD^ DH and the included angle ADH, ftnd, by 
case 3, trrg* the angle DAH.a^d distance AH ; the aa- 
gle DAH, applied to the bearing oi AD, will give th^ 
bearing of AH,* 



EXAMPLES. 



1. Let the bearing of AB, be N. 62* 19 W. dist 14.75 
ch. BC, N. 19° E. dist. 27 ch. CD, S, TT B. dist. 
23.75 ch., and D£, S. S70 £. ; it is required to cut off 
70 acres by a line AH, running from, the angle A and 
falling on the side D£. 



su. 


Courses. 


Dist. 


N. 


S. 


E. 


W. 


M.Dist. 


Njffeft« 


S.area. 


AB 
BC 

CD 
DA 


N62nW 


14.75 


6.87 






13.05 


13.05 W 
26 low 




89.6535 


N19 E 


27.00 


25.53 




8.79 




17.31 W 
8.52 W 


f 


44110243 


S 77 E |22.75 




5.12 


22.17 




13.65 E 
35.82 E 




69.8880 








27.28 


• 


17.91 


17.91 E . 
0.00 


1 


488.5848 






32.40 


^.40 


30.96 


iOM 






1090.0506. 



Area of ABCDA (sq. ch.) 545.0253 
Do. of ABCDHA - 700.0000 



Do. of ADHA 



154.9747 



* This rule is sufficient]^ evident without any domoiMtration. 
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As diff. of lat. of DA, S7.S8 S. 
: dep. of do. 17.91 W. 

:: rad. 



Ai. Go. 8.0eM6 

1.S5310 

• 10.00000 



9.817S6 



: taog. of bearing of DA, S. 83" 17' W. 

As rad. - - Ar. Co. 0.00000 

: sec. of bearing 33M 7' - 10.07781 

:: diff. ©flat. 37.S8 - - 1.43584 

:^t DA 33.63 <. - 



DA, S. 33» 17* W. 
DE, S. S7 00 E. 

'' I. I 

Angle ADH 60 17 



angles DAQ and AHD. 



1.91369 

180" 00 
60 17 

119 43 

99 dl 9 half sum of the 



i AT»xi^Aii CADH60»17' Ay. 

A8sxn.ADHxAD,^^gg^gg 



: twice ADH 309199 
:: rad. 



Co. 0.06134 
-<- 8.48638 

3.49139 
. 10.00000 



w i 



: DH 
DA 



10.94 
33.63 



AsDA+DH 43.97 



DA— DH 31.69 
AHD+DAH 



:: tang. 
; tang. 



3 

AHD— DAH 

3 



Angle AHD 

Do. DAH 

Bearing of AD, 

Do. of AH, 



99° 91' 



40 36 

100 37 

19 19 

N. 33 17 E. 



1.03891 

V 

Ar. Co. 8.36081 

1.33036 

.10.33994 



9.93301 



N. 93 33 £. 
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As 8jn. AHD 100* »/ Ar. Co- 0.00726 

: sin. ADH 60 17 - . - 9.93876 

:; AD 32.63 - - 1.5136a 



: AH 28.82 - . . - 1.45964 

Hence AH bears N. 52<> 32' E. dist. 28.82 ch. 

2. Given as follow; Ist side 8. 78^ OO' W. dist. 8 ch. 
2nd. N. 26* 30* W. dist. 11.08 ch. 3rd. N. 38" rJlT B. 
dist, 12.82 ch. 4th. 8. 64° OO' E. dist. 10.86 cb. 5th. 
8. 23** ly E., to cut off 25 acres by a line rnnnhis frina 
the place of beginning and falling on the 5th nide ; re* 
quired the bearing and distance of the division line. 
Jins. The division line bears from the ^ace of beginning 
N. 45° af E. dist. 10.65 ch. 



The following neat and concise method of solving this 
problem was furnished me by Bobcrt Patterson y Pro- 
feasor of Mathematics in th^ University of Pennsylvania. 
As it requires the bearings of the sides to be changed, so 
that one of them may become a meridian^ it will be*pro- 
per first to shew how this may be performed. 



When the bearing of the side to be made a meridian it 

north-easterly or South-westerly. 

Add the bearing of the side^ made a meridian, to the 
north-westerly and south-easterly bearings ; if either of 
the sums exceed 90^, subtract it from 180*^^ changing 
N.W, to 8.W. or 8.E. to N.K 

But subtract it from the north-easterly and south- 
westerly bearings; if it is greater than either of the bear- 
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, ings from which it is to be subtracted^ take the differ- 
ence, changing N.E, to N-W. or S.W. to S.E. 

I 
When the^ bearing of the side to be made a meridian is 

north-westerly or south-easterly, 

N 

Add the bearibg of the side, made a meridian, to the 
iiorth- easterly aod south-westerly bearings; if either of 
. the sums exceed 90*, subtract it from 180'' changing N,E. 
to S.E, or aw, to N.W. 

But subtract it from the nortti- westerly and south- 
easterly hearings ; if it be greater than either of the bear- 
ings from which it is to be subtracted, take the differ- 
ence, changing N.W. to N.E. or S.E. to S.W. 



RULE S. '»■ •" ' i •'• 

Conceive ihe survey turned round, so that the side 
DE on which the division line AH is to fall may become 
a meridian, and change the beariQgs accordingly. 
-- • ' . 

With the given distances and changed bearings fin4 
the corresponding latitu^des and departures ; add together 
the numbers in each departure column, and take the dif- 
ference of their sums, which will be the departure of the 
division line AH, and of the same name with the less 
sum ; place this departure in its proper place against the 
side AH, and beginning with it, find the meridian dis- 
tances according to the directions, given in rule 3, sect. 
S, Measuring Land ; multiply the upper meridian dis- 
tances by the corresponding latitudes as far as they are 
given^ placing the products in the cotlimn of north or 
south area as directed in that rule ; add together the pro- 
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dncis in each of those colamns^ subtract the less sam from 
the greater, and take the difference between the remain- 
der and double the area to be cut off; divide this differ^ 
ence by the upper meridian distance corresponding to 
the side DH, on which the division line is to fall, tlie 
quotient will be the latitude of the side DU, which place 
against it in the column of north or south latitude accord- 
ing as its bearing is north qr south ; add together the 
numbers in each latitude.column and take the difference 
of their sums, which will be the latitude of the division 
line AH; and of the same name with the less sum ; then 
with the latitude and departure of AH^ find^ by trigono- 
metry, its bearing and distance^ 

Change the bearing thus found by applying to it the 
angle expressing the bearing of the line, made a meri- 
dian, in a manner contrary to that in which it was ap- 
plied in changing the original bearings, and il will give 
the proper bearing of the diyisipn Kne,^ 

EXAMPLES. 

1. Let the belring of AB be N. es*i W. 14.70 ch. 
BC, N. ir E, S7 ch. CD, S. 7T B. 28,75 ch. and DE, 
S. ZT E. ; it is reqyired to cut off 70 acres by a line AU| 
running from the angle A and falling on the side DE. 



^ The truth of this rale is too erident to need a demonstration. 
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As diC lat. of HA, 5.^ S. . Ar. Go. 9.28833 

: dep. do. 88.33 W. - - 1.453SS 

:: rad. .... lO.OOOOO 



: tang, changed bearing of HA, S. 79"" 34' W. 10, 

Subtract 37 00 

Proper bearing of HA, S. di 34 W. 

As rad. - . - . Ar. Co. 0.00000 

: sec. changed bearing of UA, 79*" 34' 10.74310 

:: diff: lat. 5.2S - - - 0.71767 



: dist. AH, 28.83 - - - 1.45977 

Hence AH bears N. 53° 34' E. dist. £8.83 ch. the same 
as found by the preceding rule very nearly. 

2. Given as folloMr ; 1st side, S. 78" W. 8 eh. Snd. 
N. 26°i W. 11.08 ch. 3rd, N. 38i E. 18.8« ch. 4th. 
S. 64° E. 10.86 ch. 5th. 8. 33°* E., to cot off 35 acres 
by a line run^iing from the place of beginning and falling 
ion the 5tli side ; required the l)caring and distance of the 
division line. Ans. N. 45° i' E\ dist. 10.67 eh. 



PROBLEM XIV. 

m 

The aides AB, BC, CA, Fig 100, of a triangular piece 
of ground, being given, to divide it info two parts hav- 
ing a given ratio, by a line DE^ running parallel to 
one of the sides as BC. 

BULB. 

As the sum of the numbers expressing the i*atio of 

the parts, 
Is to the greater or less of them, according as the 

greater or less part is to be adjacent to the angle A; 



< 
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So is the square of AB, 

To the square of the distatiee AD«* 

JSTote. Id like manner the square of the distance AEr 
may be found by taking AC for the third term instead 
of AB. 

EXAMPLES. 

1. Let AB be 21.26 ch. AJ3, 19.30 ch., and BC, 12.76 
ch. ; it is required to divide the triangle by the line D£ 
parallel to BG, so that the part BDCE may be to the 
part AD£ as 3 to 2. 

As 3+2=5 - - Ar. Co. 9.30103 

: * 2 - - . 0.30103 

AB, 21.26 - i;32756 

AB^ 21.26 - 1.32756 






AB 



: AD» - - . S.26718 



AD 13.45 - - 1.12859 

2: The three sides of a triangular piece of land, takea 
in order, measure 15, 10, and 13 chains respectively, 
and it is required to divide it into two equal parts by a 
line parallel to the second side ; what will be the dis- 
tance of the division line from the place of beginning, 
measured on the first si.de? JLns. 10^ ch. 



- * Demonstration. i«et into n be the ratio of the part DBCE to the parf 
AJDE; then (18.5.) m-|.ii : n :: ABC : ADE :: (19.6.) AB3 : ADs. 

" Conttruction, On AB describe the semicircle AMB and divide AB in L, so 
that BL may be tg^AL in the given ratio of the part DBCB to the part AD£ ; draw 
LM perpendicular {o AB» meet'mg the semicircle in M, and make AD = AM -, 
parallel to BC, draw DE which wiU divide the triangle in the given ratio. For 
(3U, and cor. 8.6.) AB : AM (AD) :: AM (AD) : AL, or (20.6. cor. 2.) AB .: 
AL :: ABB : AD» :: (19.6.) ABC : ADB) therefore (17 5.) BL : AL :t DBCE 
; ADR ' ' 



J 
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PROBLEM XV. 

The hearings and distances of the sides AB, BC^ C A« 
Fig. 101, of a triangular piece of ground being given, 
to divide it into tico parts having a given ratio, hy a 
line FG running a given course. 

RUI#E. 

Let DE^ parallel to BG^ be a line dividing the trian- 
gle in the given ratio, and by the preceding problem find 
the square of the distance AD. Then, 

As the rectangle of the sines of the angles F and E, 
Is to the rectangle of the sines of the angles D 

and 6; 
So is the square of AD, 
To the square of AF.* ^ 

EXAMPLES. 

1. Let the bearing of AB, be 8. 82°J E. dist 14.17 
ch. BC, N. 18°} W. 8.51 ch., and CA, S. 6r i W. 13.87 
ch. ; it is required to divide the triangle by the line F6, 
running N. l^^^'l E., so that the part FBCG may be to 
the part AF6 as 3 to S. 

* The demonstration of this rule is the same as of that in prob. IL 

Construction. Divide AB, Fig. 102, in K, so that AK may be to KB in thtf 
given ratio of the part AEF to the part EBGF; from C, dwiw CI according to 
the given bearing of the division line» on AI describe the semicircle ALI, 
make KL perpendicular to AB, meeting the semicircle in L, and take 
AE = AL; then parallel to IC, draw £F which mil divide the triangle as 
required. For, join KG, AL and LJ, then it is evident (16.) tj^iat KG divides the 
triangle in the given ratio ; therefore it will only be necessary to prove that the 
triangle AEF is equal to the triangle AKG. JiTow (31.3, and cor. 8.6.) AI : AL 
(AE) :: AL(AE) : AK, or (20.6. cor. 2.) AI : AK :: Al« : AE« :: (19.6.) AIC : 
AEF; but (16) AI : AK :: AIC i AKC; therefore AIC : AEF:: AIC : AKC^aod 
consequently AEF=;AKC. 
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As 3+S-=5 - At. Co. 9.30103 

: S . . . 0.30103 

:: AB* S^B 14.17 - 1.15137 

iAB 14.17 - 1.15137 

: AD» . ' - log. 1.90480 

From the bearings of the lioes are fouriil the angle 
ADE=63'^0', AED=80» 16', AFG=9r OOf and AGF 
=-46° 45'. 

As-sin Fy«n 1? S^^ ^ ^ ' ^- ^o. 0.003S6 
As-sin.Fxsm.^, IE80 16 - 0.00632 

• n., • /x S D 63 30 -• 9.95179 

: 8in.Dxsin.G, ^^^^g ^^^^^ 

•: AD» .... log. 1.90480 

;AF» . , .• . . 1,78881 

AF 7.3S . . 0.864^5 

S. The bearings and distances of a triangular piece 
of land ABC are, AB, 8. 69^ E. 21.40 ch. BC, N, 31^i 
E, 18.6« ch. and CA S. r*''^ W. 30.85 ch., and it is re- 
quired to divide it by a line FG running due north, so 
that the part FBCG may be to the part AFG as 5 to 4 ; 
what will be the distance AF? Ans.^fM 

PROBLEM XVL . 

The hearings wad distances qf the sides AB, BC, GD^ 
DA, Fig." 103, of a trapezoidal tract of land being 
giiyeny to divide it into two parts having a given ratioj 
by a line EF running parallel to the parallel sides 
AB, CD. 

Suppose the sides DA^ CB, produced to meet in G^ 

z 




I 
t 
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and in the triangle GDC having given all the angles and 
side DC, ftnd the side 6D | from GD snhtract AD and 
the remainder will be GA. Then^ 

Ar the sum of the numbers expressing the ratio of 
the parts, . « 

Is .to thft greater or less, of them, according as the 
greater or less part is to be adjacent to DO ; 

So is the rectangle of AD and sum of GD and GA^ 

To a foarth term* 

■ 

Subtract this fourth term from the square of GD ; the 
square, root of the remainder will give G£, and GE less 
OA will be^ the distance AE.^ 

EXAMPLES. -- 

1. Let the bearing of AB be N. W E. dist. 10 ch. BC, 
N. sr * E. 18.99 ch. CDj S. 14* W, 80.98 ch, and DA, 



• Dbkonstbation. l«t m ton be tiie ratio of the p«rt AEFB to theiuart 
EDCF; then (18.5,) wi+n ; « :: ADCB : EDCF :: (19.6. and diyision) GD» — 

GA« : GD>— GEa ; hence because (cor. 54J.) GD«— G A^^'gD+gT X AD, the 

truth of the rule is^evident 

rufiifrifrf^n; ^^|;rn^imi|pl CB, Tig, 104, to meet in 6 and on GD describe 
the semidrcle GLD; join iK and' parallel to it draw BH meeting GD in U^ 
make HK to KD in the given ratio of AEFB to EDCF, and draw KL perpendi- 
cular to GD, meeting th^iamicircle in L ; take GE equal to GL and parallel to 
AB or DC, draw EF which will dWido the trapezoid as required. For join KG, 
HO, then (3M.) the triangle AHC is equal to the triangle ABC \ to eachof these 
ftdd the triangle ADU, then it is plain that the triangle HDC is tqdal to the tra- 
pezoid ADCB ; but (1.6.) the line KC divides the triangle HDC m the given ra- 
tio ; and from the demonstration to the construction of the last ppoOlem, it is 
manifest that the triangles GKC and GEF are equal ; consequently KDC is equal 
to EDCF. Whence the trutli of the construction b evident. 

Cor. If HM be drawn peipendicular to GD, and DM, DL be joined, we shall 
h£veDL2 : DM» ;: DEFC : DABC. ForGD : GA :: GC : GB :: GA : GH; 
hence GAS=:DG X GIi=:GBjp, and GD^— GM^ (GA>) ==DM% also DG^l— 01^ 
(G]&»)=cDi;». 



>*' 
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West, 12.76 ch.; it is required to divide the trapezoid 
into two parts by a line £F parallel to AB or DC, so that 
the part A£FB may be to the part EDGF as 3 to S. 



As sin. 6 ^19^ 
: sin. C 41 15 ^ 

:: DC 80.98 

ft 

: GD 84.98 

GD*6(M..ll 



Ar. Co. 0.34964! 

9.81911 
1.38181 



1.39096 
8.^81 is 



GD 
AD 

GA 



84.98 
I8.7O 

11.88 



GD+GA 36.46 



As 3+8»5 ; . - Ar. Go. 9.30103 

: 8 . . . . . . 0.30103 

Gn+GAxAD \^ *^-^" - *"^ 



a fourth term 189.88 
GD* 604.11 



8.86768 



^/418.89-80.45' ch. 
11.88 ' 



'GE 
GA 



8.99 -AE 

8. The boundaries of a trapezoidal field ABGD are 
given as follow ; viz. AB, N. 80° W. 60 per. b6, N. 
39"! W. 49.9 per. GD, S. 80° £. 89.4 per., and DA, 
South, 30 per., and it is required to divide it into two 
equal parts by a line EF parallel to AB or GD ; what 
wUl be th« diitaiMe AE? Mt* 16.^ per. 
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PROBLEM XVn. 

» 

Tlie hearings and distances of the sid^ AB, BC, CD^ 
DA, Fig. 105, of any quadrilateral tract of land being 
given, to divide it into two parts having a given ratio, 
by a line £F running parallel to one of the sides a» 

, AB. ^ 

RULE. 

Suppose the sides DA, GB produced to meet ia €r, 
and as in the preceding problem^ find 6D and GA. 

Let HI parallel to AB be a line making the trapezoid 
AHIB equal to the given trapezium ABCD. Then^ 

As the rectangle of the sines of the angles H and O, 
Is to the rectangle of the sines of the angles D 

and I; 
So is the square of GD, 
To the square of GH. 

The square root of which gives GH ; and GH less 
GA gives AH ; then as in the preceding problem it will 
be, 

As the sum of the numbers expressing the ratio of 

the parts, 
Is to the greater or less of them, according as the 

greater or less part is to be adjacent to CD ; 
So is the rectangle of AH and sum of GH and GA^ 
To a fourth term. 

Subtract this fourth term from the square of GH i the 
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square root of the remainder 'will give G£^ and G£ less 
,lGrA will be the distance AE.* 

* 

jyiote. If the division line is to ran parallel to CD, 
then HI must also be supposed to be drawn parallel to 
CD and the manner of working varied accordingly. 



EXAMPLES. 



4. Let the bearing of AB be North, dist. i2 ch. BG, 
N. efln E. ao.78 ch. CD, S, 33°4 E. 22.81 ch. and DA, 
S. 80° i W. 30 ch. ; it is required to divide the tract into 
two parts by a line EF parallel to AB, so that the part 
AEEB may be to the part EDCF as 3 to d. 



Af sin. G 24° 00^ 
» : sin. C 90 00 
:: CD 22.21 

: GD 54.61 

GD» 



Ar. Co. 0.39069 

10.00000 

1.34650 



1.737S4 
log. 3.47'448 



GD 64.61 
AD 30.00 



GA ^.61 



* The truth of this rule is evident from the demoDstrations to the 11th and 
|ireceding problems. 

Construction, Draw CI, Fig 106, parallel to AB, and on GI describe the se; 
micircle GLI ; then proceed in every other respect as in the construction to the 
precedin^^ problem. 

Mte, When the division line is to rup pvajlcl to CD, the ^onstructioii is eXr 
aotly its intheprecedioff probtein. 



» 



1 
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As sin. Hxsin 



in. C, ^ J, 
: sin. Dxsin. I^'^ j 



Hscraor 

90 00 

D66 00 

06 90 



:: GD* 



Ar. Go. 0.00600 
0.00000 
9.9607a 
9.9Stli 
log. 8.47-146 



iWi^M 



GH* S303.2 



GH ^c'.go 

*6A M.61 



3.36S3I8 



1.68116 



AHS8.88 



i*» 



GH4.GA 7^.60 



As 3+9.8 



CAH. 



::GH+GAxAfl,^-5;^^^^ 

: a fourth term 1060.9 
GH' 3303.S 



Ar. Co. 9.09691 

a:69897 
1.36884 

1^86094 



3.0S966 



Via4iS.3»3d.S5 eh. 
a4!.6l < 



>GE 
•GA 



10.6« ch.-AE 



S. The boundaries of a field ABCD are given as fol. 
low ; viz. AB, 8. 10«4 W. 7-30 ch. BC, 8. 67» W. 18.47 
eh. CD, N. 33* W. 13.83 ch. and DA» S. 89* £. 18 ch. 
and it is required to divide it into two parts by a line EF 
parallel to the side AB^ so that the part AEFB ma; be 
to the part EDCF as 3 to 4} what wiU be the distanee 
A£ ? Jm. 7.14! ch. 
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PBOBLEMXVm. 

I 

I^^ houniarieB ofattact of land ABGDEFGHIA, Fig. 
107^ bmng given, to divide it into two equal pdrts by 
a line IN running from the corner I and falling on 
the opposite side CD. 

RULEk 

Suppose liaes drawn from I to C and D^ and calculate 
the area of the whole tract 

Take the latitudes and departures of I A^ AB^' and BG^ 
and by balancingi^ find the latitude and departure of CI ; 
also calculate the area of the part lABCI ; from half the 
area of the whole tract, subtract, the area of the part 
lABCI, the remainder will be the area of the triangle 
ICNt 

Take the latitudes and departures of IG and CD^ and 
by balancing, find the latit&de and departure of DI, and 
calculate the area of the triangle ICDI. Then^ 

As the area of the triangle ICDI, 
Is to the area of the triangle ICNI ; 
So is the latitude of CD, 
To the latitude of CK. 



y 



Also, 



As the area of the triangle ICDI, 
Is to the area of the triangle ICNI ; 
So is the departure of CD, 
To the departure of CN. 



\ 
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Now take the latitudes and departares of IC and Clf^ 
and by balanciDg, find the latitude and departure of the 
division line NI^ with which find its bearing and dis- 
tance.* 

Mhte. It is the corrected latitudes and departares 
that aM to be used throughout the calculation. 

EXAMPLES. 

1. Let the bearing of AB be N. 19* E. dist. S7 ch. 
BC, 8. 77^ E. 28.75 ch. CD, 8. ST E. 88.75 ch. BB, 
8. 62^ W. 14.50 ch. EF, 8. 15% E. 19 ch. FG^ West, 
17.72 ch. GH, N. 36^ W. 11.75 ch. HI, North, 16.07 
ch., and lA, N. 62!" W. 14.88 ch. ; it is required to di- 
vide the tract into ti«ro equal parts by a line IN running 
from the corner I and falling on the opposite side CD. 

First, calculate the whole area, thus : 

^ * This rule needs no demonstration. 



» 
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Tofni ^Ae latiiuie ami i^rture of CI, and area tf the 

part lABCL 



Ste. 


' N. 


S. 


B.'. 


W. 


M.Diftt. 


Njffcik. 


S.areA. 


lA 


6.97 




■ »» 


13.13 


0.00 
1303 W 




%. 


AB 
BC 


S5.51 




8.80 




433W 
447 B 




110.4583 




Ss\i 


^2.18 


• 


26.65 £ 
48.63 I& 

30.98 £ 
13.13 E 




•136.7.145 


CI 


1 




% 


(174«5J 

1 


• 


847.3030 




33.48 1 


3%48 


^0.98 


30wfil8 


■^ 




3)1094.4758 



^•-«». 



Area of lABCI (sq. ch.) S47.2379 

Half area of ABCDEFGHIA 763.6990 > 



m^ 



«A.rea of ICNI (sq. ch.) 3 1 5.46 1 1 

it ^ , . ' 

To^n^lhe area tjfWBL 



m^^ 



stu 



IC 



CD 



DI 



N. 



«.9* 



37.35 



37.34f 



.jk 



35;64 



(tn) 



27.35 



17.85 



13.07 



w. 



«hw i> > 



(30.93) 
30.93 



M.Dbt 



aoo 

17 85 S. 



30.9i;£ 
U99B 



13j07B 
i785W 



30.92 

Area of I( 



Njuea. 



"«««■ 



S. area. 

31 



mm^mr 



792.78k8 



22.34^7 

III I < ^1 



2J815«1385 



riMki 



As ftrea of TCDI 
: area of IGKI 
:: latitude of GB 






CDI (sq. ch.) 4a^.5693« ' 

Ar. Coi '7-88960 

£.83387 
1.40899 



: latitade of 6N 13.50 8, 

As urea of ICN \ 4ffJ,9I 
: areaoflClMl tiSM 
:: depwtore of CD 13.07 £• 

: 4«p«rtii» of CJH i.91 B. 



i.issds 



Ax, Goi 7.8898» 

S.333S7 
. 1.11688 



. \ 



0.8am 
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To find the latitnie and departure qf NT* 



su 


N» 


8.- 


E. 


W. 


IC 


sr,35 




ir.85 




CN 




13.55 


$M 


/■ 


NI 




CI 3.80) 


"' 


24.76 




2«S 


27.35 


34.76 


24.76 



To find the bearing a$d dktanee ofKL 

Asdiff.oflat,ofNf,13.80S. - Ar. Co. 8.8fi01ft 

^ : dep. do. !M.76 JT. . 1.39879 

:: rad. « . ^ • 

' : tang, bearing of ia,S.80r5SfW^ 

AsiTftd.' * . . * 

;: see. bearing of 1^ ^0* 9SI 
:: di£Ut ^ dOt 18.80 # 



. 10,00000 
. 1O.S0887 

Ar. Go. e.oaioo(i 

10.81961 
1.18988 



; d^Ni^ 88.15 ek. *. . . • 1.459I9 

' Hnee BffJbetn, N. 00* ffST S. dist 188.80 eh. 

8, '6iven flte Ironaduies of a tract of land as follow; 
uk 1st S. 85»* W. 11.80 ell.. 8nd. N. ^ W. 8ft.86f 
ch. ard;' N. ld*i E. 10.80 di. 4it|i« S. 77* £• iO eh. 
dtb. N.eriB. 81.00 eh. «li. 8. 60' Bvl^-fiQ eh« 7th. 
South, 10.91 eh. . fi^h. N.'SjT W. 89.88 eh. to the place 
of beginnii^ ; to ifivUe the tract Into twb eq^ parts by 
a line riininng from the first station and falling on one of 
the opposite sides : the hearing and distance of the diri- 
aioQ Une are rec|airtd« 4nt* K. 7* i9 B, 10.88 «h. 
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A iMridian pointed oat l^ the magnetic needle is not 
in general a true, oj^e j f»r Ihe needle does not point truly 
to the north point^f the horieon^ but varies from il^ in 
some places to the eastltrard, and in others to the west- 
ViMrd« - 

The angle contained between the tme meridiaii and 
that poitited out by the needle^ is «iUed, the ,Mm^ of 
the compass. ^ 

The variation is n^iiied east or wewty aceording as the 
needje pmnts to the eastward or* westward of the tnie 



As the variation is different in differ et^t places^ so also 
in the same place it dolss not reinain the same^ bat diders 
sensibly in the course of a few ^eays, 'Hen<!se,in ranning 
a line that was run a number of ybars previously^ the 
bearing will be found different from what it was at that 
time; this, together with the difference in compasses, 
causes many difficulties, and frequently inaccuracies, in 
tracing old lines. 
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Tfae easiest way to guard against those difficulties and 
iniM^euraeies would be to make and return the surveys ac- 
cording to the true and not the magnetic bearings. In 
^rder to do ibis it. will be necessary to know the V9.ria- 
' tioii* of the cbmpass for the place in which the survey is 
made ; and this may readily be found by first tracing a 
meridiasi line ia the following manner. 

/ To draw a true meridian line by means of th$ greatest 

eiongation gftke pole-star. 

The pole-star is 45itiiatod about l"" 41' from the true 
pole, and therefore apparently revolves round it, in a 
smM, eiriilei, once in iabout S3 h. 66 m. When at its 
greatest distance east or west from the true pole, it is 
said to bci at its greatest east or west elongation. It is 
tj^erefore* evident tha^ in the tourse df one apparent revo>- 
lution it mdst be twice at its greatest elongation, once to 
the east and once :to th^ west. 

, The foUowinj^ tables exhibit tlie times, nearly, of 
tl^e greatest eastern elon'gations of the pole-star for six 
months of tjie year, and of the greatest western elonga* 
tions for the other six months. The other greatest elon- 
gations take plate In the day time, and are therefore in* 
, visible. Some of those inserted in the tables are also 
invisible ; because they occur, either befbre daylight is 
gone in the evening, or lifter it has returned in the morn- 
ing. The moi|t of those iq th^ 3rd> 4ith, 9t]| «Bd ^Oth 
months axe in this situation. 

The time in ihe tables is reckoned from noon, and 
therefofe when it is less than 19 hours, the ^atest 
elottgfttiflA takes place ih the evening t)f the same day; 
bttt when it exceeds lA hburs, if ift hours he subtracted 
from it> the remaind^ will be the time of greatest elonga- 
tion m the morning of the following day. 
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VARIATION OP THE COMPASS. 



Eastern Elongations. 



Days. 


4ino.(Ap.) 


5mo.(May) 


^ mo. (Ju.) 


rma(July) 


8mo.(Aug) 


9mo.(Sep.^f 


H. ' M. 


B. M. 


H* M« 


B. M. 


H. M. 


H. I»« 1 


I 


18 18 


16 26 


14 24 


12 20 


10 -"16 


8 20 1 


7 


17 56 


16 3 


14 


11 55 


9 53 


7 53 1 


13 


17 34 


15 40 


13 35 


11 31 


9 30^ 


7 S6t j 


19. 


17 12 


15 17 


13,- 10 


11 7 


9 8 


> IS 1 


25 


16 49 


14 53 


12 45 


10 43 


8 45 


6 53 1 



Western J^longations. . 



Days. 


lOmoXOc.) 


llmo.(Ko.) 


iSMDec) 


La)(D).(Jan.) 


2iiUK(Feb.){dBo<Mar) 






H* ^ M* 


H* M* 


H« M» 


n« M* 






1 


18 18 


16 22 


14 19 


12 * 2 


9 50 


8 1 




7 


17 56 


15 59 


13 53 


li 36 


j9 2d 


7 38« 


'*■ 


13 


17 34 


1 5 35 


13 27 


U 10 


9 '2 


r 16 




19 


If 12 


15 10 


13 00 


10 44 


. 8 39 


6 54 




25 


16 49 


14 44 


12 34 

— — -s- 


10 18 


8 16 


- 6 ' 3^ 

1 II ■* ■ 


'" 



To flnd the angle of bearings or azimii^ of the pde^ 
star, when at its greatest elongation ; subtract its declina- 
tion fro]^ 90^^ and the rtemaioder vdW he tj^e^ ppl^ dip. 
taiice. Then, 

As radius, 

Js to the se6ant of the latitude ; ' 
Bo is the sine of the polar distance, 
To the sine of the azirnutb. 

The mean declination of the pole-star on tfa« 1st of the 
trst month (January) 1810, was 88^ 17 lUSf^ N. ; and it 
increases 19^.4 yearly ; hence the mean declination nkay 
readily be obtained for any given time. 

When great aecaimoy is Squired, the mean declhia- 
tion most he corrected by allowing for aberration and iiii'> 
tation ; but as these correctioits are smal V they are not 
necessary when our object is only to determine the varia^ 
tion of the compass^ 
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The following taUe exhibits the an^e of bearings or 
azimuth of the pole-star^ wh^n at its^ greatest elcmgation ; 
GalculiU;ed to the ist of the first month (January) and of 
the seventh month (July )^ for each of the years contained 
ii\ the first column^ and for the different degrees of north 
latitude ^at the head of the table. In calculating it^ the 
stati^ mean declination was corrected^ by allowing for 
aberration |ind ntitatioQ. 



• 


r 




•. 
















Lat. 36. 


Ls^* 38^. : 


Lat.40. 


Lat. 4^. 


Lat. 44. 


> 


Azimiith. 


Annnitfa: 


Azimath. 


Auioiutii. 


Asdmtitli. 


• 


J8ir4 


1 ipa 1 
two. 1 


2*>4' 54* 
25 31 


2° 8' 13'' 
2 8 52 

1 


2« 1 1'54" 
2 12 33 


2^15^58^ 
2 16 39 


2** 20^28'' 
2 21 10 






r TOO. 1 
f m>, 1 


2^ 29 
2-5 6 


2 7 48 

2 8 '26 


5^11 28 
,2 12 T 


2 15 31 
2 16 r2 


2 20 
2^ 20 4!& 




\ 1^16 


• 

I mo« ] 
r,mo. 1 


*^ 4 .4 
2 4 41 


, 2-7 23 
2 8 1 


2 11 2 
2 11' 41 


2 15 4 
2 15 45 


2 19 33 
2 20 14 


^ 




lUM»*l 

7 mo. 1 


2 a 39 
2 4 15 

ft 


2 6 57 
2 7 34 


2 10 36 
2 U 14 


2 14 37 
2 15 16 


2 19 5 
2 19 45 

4 


• 


1818 


inKx.1 
7 mo. 1 


2 3 12 

2 3 48 


^6 29 
2 7 6 


2 10 7. 

2^10 45 


2 14-8 
2 14 47 


2 18. 34 
2 19 15 




^1819 


1 mb. 1 
7mq. 1 

•• 


3 3 45 
2 3 2i . 


3^ 6 1 

2 6 38 


.2 9 Sd 

^2 10 16 


:2 13 38 
2 14*17 


2 18 4 
2 18 44 


k 


1820* 


ISIO.1 

7t>jo. 1 


2 2"19. 
,2-2,55^ 


2*5 35 
' 2 & U 


2 v9 11 
2 *& 49 


2 13 10 
2.13 49 


2 17 34 
2 18 15 


« 


1 

182] 


1 mo. 1 
T'HIo:! 


% I '5» 
2 t2\2« 


a 5 r 


2 6.42 
2 9 20 


2 12 40 
2 13 19 


'2 17 4 
,2 17 44 




1822 


1 mo. 1 
7iao. 1 


? I 26 
9 2^ 


2 4 40 
? J IT 


2 8 15 
'2 8 53 


2 12 12 
2 12 51 


2 16 35 
2 17 15 


• 


1823 


1 mo. I 
7- mo. 1 


d' 1 
2 i 37 


2 4 14 
2 4 52 


2 7 47 
2 8 27 


2 1 1 44 
2 12 24 


2 16 5 
2 16 47 

4 




1824 


1 mjx 1 
7 mo. 1 


2 35 
2 I 12' 


2 3 48 
2 4 26 


2 7 21 
2 8 


2 U 17 
2 11 57 


2 15 38 
2 16 )9 
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JCote. The azimuths in the foregoing table eorrespond- 
ing to the 1st of the first month (Janaaiy) of eaeh year, 
are easterlyj and those eorresponding to the Ist of the 

« 

seventh fluonth (July) are wegteriy. 

In order to observe the greatest elongation of the pole-^ 
star^ it will be necessary to prepare the following sii^cle 
apparatus. * . .^ 

Place two posts firmly in the grooqd, about 4hree feet 
apart^ and nearly east and west from Mch other ; the 
height of the posts^ which should be 'the satne, m&x^ 
about two or three feet ; on those posts, place a tfa}ck 
board or pllink^ five or six inches wide, and (ail it fa^ 
to each of them, taking Care that it be level f^ ofar]^ so; 
take a piece of board, a«foot or^ eighteen inches longiand 
four or five wide, atid near the middle of it fasten a com- 
pass sight perpendicularly ; this board it' to s^de on4he 
horizontal one already mentioned. 



» 4 



Take a stiff pole 18 or SO feet in lengpi^ and fix it in 
an inclined position, in such a manner that ar plumb lu^ 
suspended frpm the upqpqr endy may be nearly north, and, 
about ten feet distant* from the middle ci the hoiaontel 
board ; the elii^vation of the pole must be such that the 
pole-star, when viewed through the cefaipass-sightjilaced 
on the horizontal board, may appeitf a hw iaahes'tbelew 
its upper end ; when in this position. the lower end should* 
be fastened in the ground, and the pole should be sup- 
pdrted by a couple of crotcties placed near the middle. 
The plumb should weigh a pidund or moi^e^ and should 
ewing in a vessel of water, in order to prevent the line 
being agitated by the motion of the air. 

The apparatus being prepared, proceed, abo^t iS or SO 
minutes previous to the time of greatest elongation as in- 
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dieated by the table^ to make the observation as follows : 
I^e,t an assistant hold a lighted caml)e near the plumb 
llne^ so as to illuminate it and render it distinctly visi- 
ble; place the small board with the compass-si£;ht at-^ 
tached to it/ on the horizontal one, and move it east or 
west as the case may require, till the pole star, plumb- 
line, and aperture in the compass-sight are all iU a direct 
range. If the star should be deviating to the east, it will 
leave the plumb line to the west, and the contrary if de- 
viating to th'e w^st ; keep therefore shifting the sight, till 
the star appears stationary behind the plumb-line, which 
it will do for several minutes at the time of its greatest 
elongation, and will then recede from the line on the con- 
trary side from whidh it did before it became stationary. 
The compass sight must not be moved after the star has 
attained its greatest elongaiion; but the aperture in it 
being then in a direct range with the plumb line and star, 
the boArd to -which the sight is fixed, must be fastened to 
the one on which it slides, by a small tack passing 
through each end. This being done, let an assistant take 
a straight stake, with a small piece of lighted candle 
stuck on it, and go north to the distance of 30 or 40 
perches; then looking throngh the compass-sight, direct 
him to set it up perpendicularly, and in such a situation 
that tiie candle stuck on the top may appear exactly be- 
hind the plumb line; when thus placed, let it be 
firmly fixed in the ground ; niext let another straight stake 
l^e set up in the same mannei^ near the plumb«line ; thb 
remaining part of the work may then be left till morning. 

• 
Measure accurately the distance between the two 
stakes ; and from the table of. azimuths take out, for the 
given time and latitude, the azimuth of the pole-star when 
at its greatest elongation. Tuis azimuth will be west if 
the time is within two months, before or after the 1st of 

B b 
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the first month (January)^ bat east if within a like 
of the Ist of the seventh month (July). Then> 

As radius. 

Is to the tangent of the azimuth ; 

So is the distance between the stakes in feet, 

To a fourth term in feet. 



Lay off the number of .feet contained in this foarth 
term, from the northerly stake, and perpendicular to a 
line joining the two stakes ; it muiit be laid off tbwards 
the west if the azimuth is east^ but towards the east if the 
azimuth is west Next remove the northerly stake, and 
set it up at the other extremity of the distance thus laid 
off; then a straight line joining the two stakes will be a 
true meridian line. 

To obtain the variation, set up a cqmpass in thc^ place 
of the southerly stake, and direct the sights truly to the 
northerly one ; the needle will then point out the varia- 
tion, which will be east or west^ according as the needle 
points to the east or west of the ndrth point of (he com- 
pass. The whole process is so simple, that an example 
is deemed unnecessary. 

It has already been observed, that the greatest' elonga- 
tions of the pole-star are invisible during the greater part 
of the 3rd and 4th months, and also of the 9th and lOtb ; 
consequently a meridian line cannot be obtained by the 
precediiig method, during those periods. But as the sur- 
veyor may generally choose his time for tracing a meri- 
dian line, and as, when this is done, he can at any time 
obtain the variation, it is thought unnecessary to intro- 
duce other methods. Those, however, who "would wish 
to be acquainted with simple and accurate methods af 
tracing a meridian line at any season of <^e year^ may 
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eotisult a little pamphlet on the subject, by Jtnirew EU 
licottty d. M. from which the substance of the preceding 
* method is.extracted, and which contains others, suited. to 
those times of the y(dar in which this cannot be applied. 
It may not be improper also to observe, that the second 
volume of the American Philosophical Transactions con* 
tains an essay by Robert Patterson, Professor ofMathe* 
maUcs in the University of Pennsylvaniuy m which is 
given a m^hod for obtaining the variation to a suftcient 
degree of accuracy for any purpose ioi surveying, and 
which has this advantage, that the observation may be 
made at any season of the year, and at any time in the 
evening. There are also other methods beside those 
alluded to above, by which a meridian line may be traced 
or the variation of the compass determined ;. but as the 
most of them require expensive in$trume«its for making 
the observation^ it is thought unnecessary to notice them ^ 
in this work. ^ « • 

To obtain l^etme bedrfngs of a survey ^ from the mag* 
netic ones^ the variation being given. 

If the variation beeasf, add it to the north-easterly 
and south-westerly bearings, and subtract it from those 
that are north-westerly or south-easterly ; but if the va- 
nation be west, add it to the north-westerly and south- 
easterly bearings, and subtract it from those that are 
north-easterly or south-westerly: this being done, the 
true bearings are obtained. 

To find the difference between the present variation j and 
that at a time when a tract of land was formerly sur- ' 
veyedj in order to trace or run out the original lines. 

Go to any part <rf the premises, where any two adja- 
cent comers are known ; and if one can be seen from the 
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other, take their bearing ; which compared with that ^f 
the same Hoe in the former survey, shows their differ* 
ence. Rut, if one corner cannot be seen from the otber^ 
run the line according to the given bearing, and mea- 
sure the nearest distance between the line so run and the 
corner; then^ 

As the length of the given line^ « 

Is to the said distance ; 

So is 57.3 degrees,* 

To the difference of variation required. 

■ a 

EXAMPLE. 

Suppose it be required to run a line, which some years 
ago bore N*. 40° £. dist. SO ch.-and in running this line 
by the given bearing, the corner is found SO links to the 
left hand ; what allowance most be made on each bear- 
ing to trace the old lines, and what is th^ present bear- 
ing, by the compass^ of this partielilar line ? 

L. * L. Deg. 
As SOOQ : 30 :: 57.3 

ao 



2000)1146.0(0° 84' 

Consequently 34 minutes or a little more than half a 
degree, is the allowance required^ and the line in ques- 
tion bears N. M'^ 26' E. 

^ote. The above rule is simple and sufficiently accu- 
rate when the distance between the sought corner and 



* 57.3 is the radios (nearly) of a circle in such parts as the drcumference 
contains 1360. 
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V 

randoni tine, is small. But when this distance is consi- 
derable^ it will be better to find the augle by trigono- 
metry. 



ON LOCAL ATTRACTION. 

It is^well known that iron or any ferruginous sub- 
stance attracts the magnetic needle^ and consequently, 
when near^ will draw it aside from the position in which 
it would otherwise settle. And as the earth in many 
places contains, near its surface^ substances of this kind, 
the needle will not unfrequently be attracted from its true 
direction. The surveyor ought therefore, at each station^ 
to take a back view to the preceding ene ; and if he ar- 
rive at one at which the compass does not reverse truly, 
he may conclude, provided no error was committed in 
taking the bearing at the last station, that at the present 
one, the needle is affected by some local attraction. In 
such a case, he should first determine whether any error 
was committed at the last station, and if none is found, 
take the difference between the bearing from the last sta- 
' tion and the reverse bearing, which will be the local va- 
riation of the needle at the present station. This varia- 
tion must be applied according to its name, to the bearing 
of the following station. 

If at the first and second stations of a survey the com- 
pass is found not to reverse truly, the surveyor will be 
at a loss to know which of them is affected by attraction. 
But by taking another station, either within or without 
the survey, and taking its bearing from each of those sta- 
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tions^ niid the bearing of each, of those from it, he 
general determine^ at which of them the attraction 



OMty in 



M^te. The area of the survey is not affected hy the 
general variation, because it is the same at each station. 
Bot where local attraction exists and causes i^ variatioa 
in the position of the needle, as this variation will be dif- 
ferent at different stations, it will, unless ascertidned, and 
allowed on the corresponding bearings, materially affect 
the truth of the survey.. 



^ • 



MISCELLANEOUS QUESTIONS. 



1. A circular fish-poBd is to be dug in a gar^en^ that 
shall take up just half an acre; what must be the length 
of the cord that strikes the circle? Ans. ^.75 yards. 

5. Two sides of a triangle are 30 and 40 perches re- 
spectively ; required the third side^ so that th^ content 
niay be just an acre. 

4n8. Either 23.099 or S8.876 perches. 

3. In 110 acres of statute measure^ in which the pole 
is 5.5 yards^ how many Cheshire acres^ where the cus- 
tomary pole is 6 yards, and how toany of Ireland where 
the pole in use is 7 yards ? 

Ans. 93A. IR. 29?. Cheshire; 67A. 3R. SfiP. Irish. 

4. The ellipse in Grosvenor square, London, measures 
. SM links the longer way, and 612 the shorter, within 

the rails ; now the wall being 14 inches thick, it is re- 
quired to find what quantity of ground it encloses, and 
how much it stands upon. 

Jins. It encloses 4A. OR. 6P. and stands on 1760$ 
square feet. 

6. Required the dimensions of an elliptical acre, with 
the greater and less diameters in the ratio of 3 to 2. 

Jlns. 17.4i61 by 11.634 perches. 
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6. The three sides of a triangular field, coiltaining 6A^ 
IR. i2P. are in the ratio of the three oumbers 9^ 8^ 9^ 
respectively ; required the sides. 

Ms. 59.029, S2A7, and 39.853 perches. 

7. In a pentangular field, beginning with the south 
side and measuring round towards the east^ the first or 
south side is S7.39 cb., the second 31.15 ch., the third 
S3.70 ch., the fourth Sg.S9 ch., and the fifth 2i.^0 cb.; 
also tlfe diagonal from the first angle to the third is 38 
ch., and that from the third to the fifth 40.10 ch. ; re- 
quired the area of the field. Ans. 1 17 A. ^. 39 P. 

8. Required the dimensions of an oblong garden, con- 
taining three acres, and bounded by 104 perches of pale 
fence.^ Ans. 10 perches by 13. 

9. How many acres are contained in a square meadow, 
the diagonal of which is 20 perches longer than either of 
its sides? Ans. 14A. 8R. liP. 

10. A gentleman has a garden 100 feet long and 80 
broad, and a gravel walk is to be made of equal width 
half round it; what must be the width of the walk, so 
that it may take up just one-fourth of the ground? 

^9. 11.8975 feet. 

11. A person has a circular yard that is 150 feet ia 
diameter, and wishes a walk of equal width made round 
it within the fence ; required the*width of the walk, so 
that it may occupy a fifth part of the ground. 

dns. 7.918 feet 



• This question may be neatly constructed by 28.6 PCajfair^t Geometry. It 
may not be improper also to ob8erv;e, that the 2nd question^ and aU those fol- 
lowing the Sth^ admit of neat geom«triGal coDstnicUons. 



1 , ■. 

, UISCELLAWGOirSr ^TESTlON'Si SOI 

1®. F«WB apMut within.iL4riiu,guiftr field, the sides 
of whit^b were equal, I measared tbe distances to tlie 
three angle*, and foand them 12.5, 10, and 7.5 chains 
respectively ; required the area. Ana. ISA. IR. 22p[ 

48. On examining the ^bld-aetes of a lot of around of 
Wbiehlurishedto know.the ca«*,t, I found them as 
fellow^; Irt. a TT W. a4.pen, Srid. North, 88 per., 
^ NSSli B. 4i per,, .^b, _, ao per.,. 5th. s! 80' 

"iJ*^*' ®* a6' W.. sa.peri, and 7th. - 

8rpen^ ihe:plaoe of biegiBDingl : The beairings of the 
' Ml. amlryth b«aoda«y lines werB.iUepble ;• hat, the data 
remaining beiiig.sUflB6ieii*,ihei«n»isreqcMredi 

'Ana. 1SA.3R. SP. 

; l*i ItiiiiwqBiiea to.l*yTirar«» acretbf land in a trian 
galar- fo>n, so.ihat.thft length of ; one side m«,y be 16 
chains, and A^ Ibngth* of the other sides, ia the ratio of 
»!t*% wto;t^iiiiulbi.the lengths of th^^idfespt 
--.itSJ:?** *>* ^'l^^*' ^fa^^l ■■ «r 89.6^538 and 

^l«je i»^»<r«tf«ed tiiUyout W aferes^of ground in a 

L ZLAr t}" S ^' «« P«**^-^ ^t n.ust be 
Iht Ittagfbtofttlteotbep sides P 



i3J88 



<; f 



the LIJ nfT / * •*;*»°S»»»'- fi«W is 7i acres, and 
the length of the diagonal 50 perches : required the sides. 

«fi««. 30 and 40 perches. 
3». 8P. the difference i»f the lengths of the sides is just 
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equal to the difference between the lengths of the longer 
side and the diagonal ; ^e'nce the sides are required. 

dna. 9i and i8 ehaina. 

18. The boundaries of .a tract of land are as follow ; 
Ist. N. 14* W. 15.80 eh. 2nd. N.70**1E. 80.48 eh. 3rd. 
S. 6° E. SS.79 ch. 4th. N. 86«i W. 18 ch. to the place 
of beginning; within the tract there is a springs the bear* 
ing and distance of which, from the Sod comer is S. 7Sf^ 
£. 7-90 ch. It is required to cut off 10 acres from the 
west side of this tract by a straight line niomn^through 
the spring ; what must be the distance of the division Uae 
from the 1st cornor^ measured on the fourth side ? , . 

«Am. 4.6357 chaiQg. 

19. The bonndarica of & quadrilateral tract of land are 
as follow ; 1st. N. 35°i E. 2B ch. . Sod* N. 75^i B. 
30.50 ch. 3rd. S. 3""* E. 46.49 ch., aDd:4th. N. e&'i W. 
49.64 ch., to the place of beginning* This trad is to be 
divided into four equal parts by two ;flftraight lineit, one 
of which is to run parallel to the 3rd side ; required the 
distance of the parallel division line from the first comer, 
measured on the 4tb side ; also the bearing of the other 
division linf^ and its distance fi!OBi the sape cvniieri meft* 
sured on tfre Ist side... 

Akib. Distance of the parallel division from the li^t 
corner 38.50 chains, the bearing of the other, S. 88'' SS^£. 
and its distance from the same corner 6 chains. 
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TRAVERSE TABLE. 



f 







IDeg. 


iDeg. 


iDeg. 


• 




Lat. 


Dep; 


Lat 


Dep. 


Lat 


Dep. 


» 


1 


1.00 


0.00 


1.00 


0.01 


1.00 


aoi 


1 




3 


2.00 


,0.01 


2.00 


0.02 


2.00 


0.03 


3 




3 


3.00 


0.01 


3.00 


0.03 


300 


0.04 


3 




4 


4.00 


0.02 


400 


0.03 


400 


0.05 


4 




5 


5.00 


0.02 


5.00 


0.04 


5.00 


0.07 


S 




6 


6.00 


0.03 


6.00 


0.05 


6.00 


0.08 


6 




7 


7.00 


0.03 


7.00 


0.06 


700 


0.09 


7 




8 


aoo 


0.03 


8.00 
9.00 


0.07 


800 


010 


8 




9 


9.00 


0.04 


o.od 


9.00 


012 


11 


• 


10 


10.00 


0.04 


10.00 


0.09 


10.00 


013 




11 


1100 


0.05 


11.00 


0.10 


11.00 


0.14 




n 


12.0Q 


*05 


12.00 


0M 


12 00 


ai6 


12 


• 


13 


13.00 


0.06 


13.00 


0.11 


13.00 


0.17 


13 




14 


14.00 


0.06 


UiK) 


0.12 


14.00 


0.18 


»14 




15 


15.00 


0.07 


15.00 


0.13 


15.00 


0.20 


15 




16 


* 16.00 


0.07 


16.00 


0.14 


16.00 . 


0.21 


16 




17 


17.00 


007 


17.00 


0.15 


.17.00 


0.22 


17 




18 


18.00 


0.09 


laoQ 

19.00 


OlIO 


r 18.00 


0.24 


18 




19 


19.00 


0.08 


017 


19.00 


0.25 


19 




20 


2000 


0.09 


20.00 


0.17 


20.00 
21.00 


0.26 


20 




21 


21.00 


0.09 


21.00 


o.ia 


0.27 




22 


22.00 


010 


22.00 


0.19 


32.00 


0.29 


32 




23 


23.00 


0.10 


23.00 


020 


23.00 


O30 


23 




24 


24.00 


0.10 


24.00 


0.21 


24.00 


0.31 


24 




25 


25.00 


0.11 


25.00 


0.22 


25.00 


033 


25 




216 


26,Q0 


0.11 


?6.00 


0.23 


?6.00 


0.34 


36 


< 


37 


' 27t00 


0.12 


27.00 


0.24 


27.00 


0.35 


27 




28 


28.00 


012 


28.00 


024 


28.00 


037 


28 




29 


29.00 


0.13 


^.00 


0.25 


29.00 


038 


20 




30 


30.00 


0.13 


30.00 


0.26 


30.00 


039 


30 
3^ 




31 


31.00 


0.14 


3100 


0.27 


31.00 


0.41 
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42 2 


971 


44 


45 


44.02 


9.36 


43.98 


9.55 


43.93 


9.74 


43.89 


9.93 


45 


46 


44.99 


9.56 


44.95 


9.76 


44 91 


9.96 


4487 


1015 


46 


47 


45 97 


9.77 


45.93 


9.97 


'45.89 


10.17 


45.84 


10.37 


47 


45 


4695 


9.98 


46.91 


10.18- 


46.86 


10.39 


46 82 


10.59 


43 


49 


47.93 


10.19 


47.88 


10.40 


47.84 


10.61 , 


47.79 


1081 


.49 


50 

• 

4-* 
CO 

Q 


,48.91 


10.40 
lot. 


48.86 


10.61 


48.81 
D ^ 

77| 


10.82 j 


48.77 
Dep. 


11.03': 

L^t. 


50 


Dep. 


l>ep*. 


Lut. 


■ Lat. ! 

* . 1 


78 I 


>e8:. 1 


77^. 


Deg 


m 


Deg. 



TKAVEBSE TABLE. 



2r 



51 


12' 


Deg. 


iH i^eg. 


,12iDeg. 


12| . 

4 


Deg. 


ft- 

• 

51 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 
49.79 


Dep. 


Lat. 


Dep. 


49.89 


10.60 


49.84 


1082 


11.04 


49.74 


11.26 


5-J 


50.86 


10.81 


50.82 


11.03 


5077 


11.25 


50.72 


1148 


52 


53 


51.84 


11.02 


5179 


11.25 . 


51.74 


11.47 


51.69 


11.70 


53 


54 


52.82 


11.23 


52.77 


11.46 


5272 


11.69 


52.67 


1192 


54 


^5 


53.80 


11.44 


53.75 


11.67 


53.70 


1190 


53.64 


12.14 


55 


56 


54.78 


11.64 


54.72 


11.88 


54.67 


12.12 


54.62 


12.36 


56 


57 


55.75 


11.85 


55.70 


12.09 


55.65 


12.34 


55.59 


15.58 ^ 


57 


58 


56.73 


1206 


56.68 


12.31 


56 63 


12.5.5 


56.57 


12.80 


58 


59 


5771 


12.27 


57.66 


12.52 


57.60 


12.77 


57.55 


13.02 


59 


60 


58.69 


12.47 


58.63 


12.73 


58.58 


12.99 


58.52 


13.24 


.66 
61 


61 


59.67 


12 68 


59.61 


12.94 


59.55 


13 20 


59.50 ] 


13.46 


62 


60 65 


12 89 


i50.59 


13.16 


60.53 


1342 


60.47 


13.68 


62 


63 


61.62 


13.10 


6157 


13.37 


6151 


13.64 


61.45 


13.96 


63 


64 


62.60 


13.31 


62.54 


13.58 


62.48 


1385 


62.42 


14.12 


.64 


65 


63.58 


13.51 


63.52 


13.79 


63 46 


1407 


63.40 


14.3$' 


65 


66 


64.56 


13.72 


64.50 


14.00 


64.44 


14.29 


64.37 


14.57 


66 


67 


65.54 


13.93 


65.47 


14.22 


65.41 


14.50 


65«S5 


14.79 


67 


68 


66.51 


1414 


66.45 


14.43 


6639 


14.72 


66.32 


15.01 


68 


69 


67.49 


14.35 


67.43 


14.64 


67.36 


14.93 


67.30 


15.23 


69 


70 

ri 


68.47 


14.55 


68.41 


14.85 


6834 


15.15 


68.27 


15.45 


70 

n 


69.45 


14.76 


69.38 


15.06 


, 69.3S 


15.37 


6925 


15.67 


72 


7043 


1497 


70.36 


15.28 


70 29 


15.58 


70.22 


15.89 


72 


1Z 


71.40 


15.18 


71.34 


1549 


71.27 


15.80 


71.20 


16.11 


73 


74 


7238 


15.39' 


72.32 


15.70 


722S 


16.02 


72.18 


16.33 


74 


75 


73.36 


1539 


73.29 


15.91 


73.22 


1623 


73.15 


16.&5. 


75 


76 


74.34 


15.80 


74.27 


16.13 


74 20 


1645 


74.13 


16.771 


\.76 


77 


75.32 


16.01 


75.25 


16.34 


75.17 


16.67 


75.10 


16.99 


77 


78 


7630 


16. 2 


76.22 


16.55 


76.15 


16 88 


76.08 


1751 


78 


7» 


77 27 


16.43 


7720 


1676 


7713 


1710 


77.05 


17.44 


79 


80 


78.25 


16.63 


78.18 


16.97 


78.10 


17.32 


78 03 


17.66 


80 


81 


7^:23 


16.84 


7916 


17.19 


79.08 


1753 


7900 


17.86 


81 


82 


80.21 


17.05 


80.13 


17.40 


80.06 


17.75 


7998 


18.10 


82 


83 


81.19 


17.26 


81.11 


17.61 


81.03 


17.96 


80.95 


18.32 


83 


84 


82.16 


17 46 


82.09 


17.82 


82.01 


18.18 


81.93 


18.54 


84 


85 


83.14 


17.67 


83 06 


18.04 


82 99 


1840 


83.90 


1J8.76 


85 


86 


8412 


17 88 


84.04 


18.25 


83.96 


18.61 


83.88 


18.98 


86 


87 


85.10 


1809 


85.02 


ia46 


84.94 


18.83 


84.85 


19.20 


87 


88 


8608 


18.30 


86.00 


18.67 


85.91 


19.05 


8^.83 


1942 


88 


89 


87.06 


1850 


86.97 


ia88 


86.^9 


19.26 


86.81 


19.64 


89 


90 


88.03 


1871 


87.95 


19.10 


87.87 


19.48 


87.78 


19.86 


90 


91 


89.01 


18.92 


8893 


19.31 


88.84 


19.70 


88.76 


20.08 


92 


89.99 


19.13 


89.91 


19.52 


8982 


19 91 


89.73 


20.30 


92 


93 


90.97 


19.34 


9088 


19.76 


9Q.80 


20.13 


90.71 


. 2a52 


93 


94 


91.95 


19.54 


91.86 


19.94 


9177 


20.35 


9168 


20.75 


94 


95 


92.92 


1975 


92.84 


.20.16 


9275 


20.56 


92.66 


20.97 


95 


96 


9390 


19.96 


93.81 


20.37 


93.72 


20.78 


93^ 


21.19 


»6, 


97 


94.88 


20.17 


94.79 


2058 


94.70 


20.99 


94.61 


21.41 


97 


98 


95.86 


S0.38 


95.77 


20.79 


95.68 


21.21 


95.58 


21.6S 


98 


99 


96.84 


20.58 


96.76 


121.01 


9665 


21.43 


96.56 


21.85 


99 


too 

(0 


97.81 

_ 


^ 20.79 


97.72 


21.22 


«r.6Q 


21.64 


97.53 


22.07 


100 

« 

Q 


Bep 


LAt. 


Dep. 


Lat. 


Dep 


Lat 


Dep. 


Lat- 


n E 


>cg. 


r7.y. 


Djeg. 


rri Deg. 


77i 


Deg. 
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TRAVERSE TABLE. 



Dist. 


13 Deg. 


«3ii 


Deg. 1 


13^ : 


Deg. 


i3|; 


Deg. 


a 


Lat, 


Dep. 


Lat. 


Dep. 


Lkt. 


Dep, 


Lat. 


Dep. 


1 


1 


0.97 


0.23 


097 


023 


0.97 


0.23 


0.97 


0.24 


2 


• 1 9;, 


0.45 


1.95 


0.46 


1.95 


0.47 


1.94 


0*48 


2 


3 


292 


0.67 


2 92 


0.69 


'2 92 


0.70 


291 


0.71 


3 


4 


3.90 


0.90 


3.89 


0.92 


389 


0.93 


3.89 


0.95 


4 


^ 


' 4.87 


1.12 


4.87 


1.15 


4.86 


1.17 


4.86 


1.19 


5 


6 


r 5.^i 


l.?5 


5.84 


•1.38 


583 


1.40 


5.83 


1.43 


6 


r 


6.K2- 


1.57 


6.81 


1.60 


6.81 


1.63 


6.80 


1.66 


7 


fi 


7.80 


180 


.7.79 


183 


778 


187, 


777 


1.90 


8 


4 -^ 


- 8.77 


2.02 


8.76 


2.06 


875 


210 


8.74 


2.14 


9 


•' 10 


9.74, 


2.2.5 


9.73 


2.29 


9.72 


233 


9.71 


238 


10, 
11 


. 11. 


10.72 


2.47 


10.71 


2.5i.' t 


10.70 


257 


10.68 


2.61 


12 


11.69. 


2.70 


11.68 


2.75 


11.67 


280.1 


11^ 


285 . 


12 


- 13 


'1^.67 


2.92 


1 12.65 


2.98 


12.64 > 


3.03 


12.63 


3.09 ^ 


13 


U 


13.64 


3.15 


13.63 


3.21 


13.61 


3.27 


13.60 


3.33 


14 


: 15 


1462 


3.37 


14.60 


3 44 


14.59 


3.50 


14.55^ 


357 


15 


16 


•15.59 


3.60 


15 57 


3.67 


15.56 


3.74 


1554 


3.80 


16 


17 


16.57 


3.82 


16.55 


t5.90 


16.53 


397 


1651 


4.04 


17 


18 


17 54 


405 


17-52 


4.13 


17.50 


4.20 


17.48 


4.28 


18 


19 


1&.51 


4.27 


18.49 


435 


18.48 


444. 


18.46 


4.52 


19 


20 


19.49 

• 


4.50 


19.47 


4.58 


19.45 


4.67 


19.43 


475 


30 
21 


g^ 


2^.46 


4.72 


20.44 


4.81 


20 42 


490 


20.40 


4.99 


22 


21.44 


4.95 


2k41 


•5.04 


2139 


5il4 


21.37 


5.23 


'32 


F 


22.41 


5.17 


22.39 


5.27 


22.36 


5.37 


22.34 


547 


23 ^ 


54 


23.38 


540 


23.36 


^,50 


23.34 


560 


23^31 


5.70. 


24 


35 


^3456 


5.62 


2-4.33 


5.73 


2431 


5.84' 


24.28 


5.94 


25 


26 


i5.33 


5.85 


25.31 


0.96 


35.23 


6.07 


25.25 


«.18 


26 


27 


^.31 


* 6.07 


26.28 


'6.19 


26.25 


6.30 


26-23 


6.42 


37 


2^ 


27.28 


6.30 


27.25 


6.42 


27.23 


6.54 


27.20 


a66 


28 


29, 


2S.26 


6.52 


28.23 


6^^5 


28.20 


e^.77 


2817 


6.89 


•29 


30 
31 


29.23 
30.21* 


675 


29.20 


6.^8 


29.17 


7.0') 


29.14 


7.13 


30 


697 


30.17 


7.11 


30.14 


3,0.11 


7.37 


31 


32 


3118 


7.20 


31.15 


7.33 


31.12 


1 7.4.^ 


31.08 


761 


32 


• ^ 


32.15 


7.42 


32.12 


7.56 


3^.09 


7.70 


32.05 


7.84 


33 


34 


SSI 3 


.^,65 , 


33.09 


7.79 


33.06 


' 7.94 


33.03 


808 


34 


35 


34.t'0 


7.197 


34:07 


8.02 


3403 


8.17 


34.00 


8.32 


35 


36 


35.08 


8.10.. 


3».04 


8.25 


35.01 


840 


34.97 


8.56 


36 


S7 


3505 


^8.32 


36.02 


8.48 


35,98 


, 8.64 


35.94 


8.79 


37 


38 


37.P3 


S.56 


36^9 


8.71 


36.95 


8.87 


36.91 


9.03 


38 


39 


3B.00 


S,77 


37.96 


8.94 


37^2 


9.10 


3788 


9.27 


39 


40 


3a97 


9.00 


38.94 


9.17 


38.89 


9.34 


38.85 


9.51 


40 


41 


39.95 


9.22 


39m 


, 9.40 


39^7 


9.57. 


39.8-^ 


9.75 


41 


42 


40,52 


9.45 


40.88 


9.6S 


40.84 


9.80 


40.80 


908 


42 


- 43 


41*90 


9.67 


41.86 


9.86 


41.81 


10.04 


41.77. 


10,22 


43 


44 


^2.8?' 


990 


4.83 


10.08 


4278 


10.27 


412.74 


10.46 


44 


45 


43.85 


10.12 


45.80 


10,31 


43.7^ 


10.51 


43.71 


10.7© 


4J> 


46 


44.82" 


10.35 


44.7B 


10.54 


44.73 


10.74 


44.68 


lii*93 • 


46 


47 


45.80 


J0.A7 


45.75 


10.77 


45.70 


l(;.97 


45.65 


1117 


47 


4B 


4677 


10.80 


46.72 , 


11.00 


46.67 


11.21 


46.62 


11.41 


48 


49 


47.^4 


11.02 


47.70 


11.23 


47.65 


J1.44 


47.60 


11.65 


49 . 


50 

• 

Q 
^ ■»■■ 


48.72 


11.25 


48.67 

* 


11.46 


48.62 


11.67 


4857 


11.88 ; 50 


Dep. 

• 


Lat. 


Dep. 


Lat. 


Dep. 1 


Lat. 


Dep. 


Lat. 




rr De^. 


76|I 


:)cg. 


^6^1 


)egr. 


76^-3 


[).«. 



TRAVERSE t A^B. 



S9 



a 

en 

* 

51 


13 Deg» 


13|Deg. 


13|Deg. 1 


13|Deg. 


CO 

51 


Lat. 


Dep; 

4 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dtp. 


49.69 


1147 


49.64 


11.69 


49.59 


11.91 


49.54 


12.12 


52 


50.67 1 11.70 


50.6^ 


11.92 


50.56 


12.14 


50.51 


12.36 


52 


53 


51.64 1 1192 


51.59 


12.15 


51.54 


12.37 


51.48 


12.60 


53 


54' 


52.62 i 12.15 


52.56 


12.38 


5251 


1261 


52.45 


12.84 


54 


55 


53.59 12^7 


53.54 


I'J.ei 


53.48 


12.84 


53.42 


13.07 


55 


56 


54.56 


12.60 


54.51 


12.84 


54.45 


13.07 


54.40 


13.31 


56 


57 


55.54 


12.82 


55.48 


13.06 


55.43 


13.31 


55.37 


1355 


57 


58 


5651 


13.05 


56.46 


13 29 


56.40 


13.54 


56.34 


13.79 


58 


59 


57.49 


13.27 


57.43 


13.52 


57.37 


13.77 


57.31 


14.02 


59 


60 
61 


58.46 


13.50 


58.40 


1375 


58.34 


14.01 


58.28 


14.26 


60 


59.44 


13.72 


59.38 


13.98 


59.31 


14.24 


, 59.25 


14.50 


6S 


60.41 


13.95 


60.35 


14.21 


60.29 


14.47 


60.22 


14.74 


62 


63 


61.39 


14.17 


61.32 


14.4.4 


61.26 


14.71 


61.19 


14.97 


63 


64 


62.36 


14.40 


62.30 


14.67 


6223 


•14.94 


62.17 


15.21 


64 


65 


63.33 


14.62 


63.27 


14.90 


63.20 


15.17 


63.14 


15.45 


65 


66 


64.31 


14.85 


64,24 


15.13 


6418. 


15.41 


64,11 


15.69 


66 


67 


65,28 


15.07 


65.22 . 


15.36 


$5.15 


15.64 


65.08 


15.93 


67 


68 


66,26 


15.30 


66.19 


15.59 


66.12 


15.87 


66-.05 


16.16 


68 


69 


67.23 


15,52 


67.16 


15.81 


67.09 


16.11 


67.02 


16.40 


69 


70 
71 


68.21 


1575 


68.14 


16.04 


68.07 


16.34 


67.99 


1664 


70 
71 


6^.18 


15.97 


69.11 


16.27 


69.04 


16.57 


•68.97 


1688 


72 


70.15 


16.20 


7a.08 


16.50 


70.01 


1681 


69.94 


17.11 


72 


*73 


71.13 


1642 


. 71.06 


16.73- 


7a98" 


17X)4 


•70.91 


17.35 


73 


" 74,' 


72.10 


16.65 


72.03 


16.96 


71.96 1 


17.28 


71.88 


17;59 


74 


75 


^^3.0^ 


16.87 


73.00 


17.19 


72.S6 


17.50 , 


72.85 


17.83 


75 


76 


74.05 


17.10 


73.98 


17.42 


73.90 


17.74 


75.82 


18.06 


76 


77 


75.03 


17.32 


74.95 


17.65 


74.87 


n7.98 


74.79 


18.30 


77 


78 


76.00 


17.55 


75.92 


17.88 


75.84 


18.21, 


75.76 


18.54 


78 


79 


76.98 


13^.77 


i 7690 


18.11 


76.82 


18.44 


76.74 


18.78 


•79 


80 
81 


77.95 


18.00 


77.87 " 

■ 


1834 


77.79 


18.68 


77.71 


19.01 


80 
81 


78.92 


10.22 


78.84 


18.57 
1879 


78.76 


l«.9l 


78.68 


iy.25 


82 


79,90 


18.45 


79.82 


79.73 


19.14 


79.65 


19.49 


82 


8J 


80.87 


18.67 


8079 


1902 


30.71 


1938 


80.62 


19.73 


83 


84 


81.85 


18.90 


81.76 


19.25 


8168 


19.61 


81^9 J 


19.97 


84 


85 


82.82 


19.12 


82.74 


19.48 


82 65 


19.84. 


82.56 


20.2(J 


85 


86 


83.80 


1935 


83 71 


-1971 


83.62 


20D8 


83.54 


20.44 


86 


87 


84.77 


19.57 


84.68 


19.94 


64.60 


20.31'^ 


84.51 


2068 


87 


88 


85.74 


, 19 80 


85.66 


20.17 


S5.57 


20.54 


^5.48 


20.92 


88' 


89 


86 72 


20.02 


86.63 


20 '40 


86 54 


20.78 


86.45 


21.15 


89 


90 
91 


87.69 


202^ 


87.60 


20.63 


87.51 


21,01 


87.42 


21.39 


90 

91 


8a67 


20.47 


68.58 


20.86 


88.49 


21.24 


88.39 


21.63 


92l 


89^ 


20.70 


8955 


21.09 


89.46 


21.48 


89.36 


21.87 


92 


93 


90.62 


20.92 


9a52 


21.32 


90.43 


21.71 


90.33 


22.10 


93 


94 


91.59 . 


21.15 


91.50 


21.54 


91.40 


21.94. 


91.31 


22.34 


94 


-95 


9^57 


'21.37 


92.47 


21.77 


92.38 


22.18 


92.28 


,22.58 


95 


96 


93.54 


21.60 


^3.44 


22.00 


93.35 


22.41 


93.25 


22.82 


96 


9r 


94.51 


21.82 


9442 


22.23 


94.32 


23^64 


9422 


33J06 


97 


98 


95.49 


22.05 


95.39 


22.46 


95.29 


22.88 


95.19 


23.29 


98 


. 99 


96:46 


f&.27 


96.36 


22.69 


96.26 


2311 


96.16 , 


25.53 


99 


'100 

» 

.a 

> 


97.44 


22 50 


97.34 


22.92 


97.24 


23.34 


#7.13 


23.77 


lOO 

.1.14 


Dep. 


Lat. 


Bep. 


Lat. 


Dep. 


Lat. 


J>e^'. I Lat. 




■ - - ' 1 

76| D«g. 


! ?6|Deg. 


76^ Deg. 








.1 
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TRAVERSE TABLE. 





o 

• 


13 Deg. 


ISA Deg. 1 


131 Deg. 


133 Deg. 


1 






Lat. 


Dep.; 


Lat. 


Dep. 


Lat. 


Dep. 


1m. 

t 


Dep. 






1 


0.97 


0.23 


097 


023 


0.97 


0.23 


0.97 


0.24 






2 


• 1 9.-. 


0.45 


1.95 


0.46 


1.95 


0.47 


1.94 
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39.59 


14 02 


39.53 


14.1.9 


42 




43 


40.66 


14.00 


40.60 


14.18 -" 


40.53 


14.35 


40.47 


14.53 


43 




44 


41.60 


14.32 


41.54 


14.51 


4148 


14.69 


41.41 


l4Ji7 


44 




45 


42.55 


14.65 


4248 


14.84 


4242 


15.02 


42.35 


15.21 


45 




46 


43.49 


14.98 


43.43 


1517 


43.36 


15.36 


45.29 


15.54 


46 




47 


44.44 


15.30 


44.37 


15.50 


4430 


15.69 


44.24 


15.88 


47 




.48 


45.38 


15.63 


4532 


15.83 


45.25 


1602 


45.18 


1622 


48 




49 


46.33 


15.95 


46.26 


16.15 


46.19 


16.36 


46.12 


16.56 


40 




50 

• 

Q 


47.28 
Dep. 


16.28 


47.20 


16.48 
Lat. 


47.13 


16.69 


47.06 


16.90 


50 




Lat 


Dep 


Dep. 


Lat 


Dep. 


Lat. 






71 1 


Deg. 


703. 


Deg. 


70^ 


Deg. 


701 Deg. 
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!■■■»■ 

■ 

a 

• 

51 

52 

53 
'54 
55 
56 
57 
58 
59 
60 

61 
62 
'63 
64 
65 
66 
67 
68 j 
69 
70 


19 De^. 


IH Dcg. 


19|D^g. 


191 Deg. 


r 

51 > 
52 

53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

71 

72 
73 
74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


^iV^^VB 


Dep. 


48.22 
49.17 
50.11 
51.06 
52.00 
52.95 
53.89 
54.84 
55.79 
56J3 


16.60 
16.93 
17.26 
17.58 
17,91 
18.23 
•18,56 
18.88 
19.21 
19.53 


48.15 
49.09 
50.04 
50.98 
51.92 
52.87 
53.81 
54.76 
55.70 
56.65 


16.81 
17.14 

17.47 
1780 
18.13 
18.46 
18.79 
19.12 
19.45 

ia7& 


48.07 
49*02 
49^6 
50.90 
51.85 
5279 
53.73 
54.67 
53.62 
56.56 


17.02 
17.36 
17.69 
18.03 
18.36 
18.69 
19.03 
19.36 
19.69 
20.03 


48.00 
48.94 
49.88 
50.82 
51.76 
52.71 
53,65 
54.59 
55.53 
56.47 


17.23 
17.57 
17.91 
18.25 
18.59 
18.92 
19.26 
19.60 
19.94 
20.27 


57.68 
58.62 
59.57 
60.51 
61.46 
62.40 
63.35 
64.30 
65.24 
66.19 


19.86 
20.19 
20.51 
20.84 
21.16 
21.49 

21.81 
2214 
22.46 
22,79 


57.59 
58.53 
59.48 
60.42 
6137 
62.31 
63 25 
6420 
65.14 
.6609' 

67.03 
6797 
68.92 
69.86 
70.81 
71.75 
72.69 
73.64 
74.58 
75.53 


20.11 
20.44 
20.77 
21.10 
21.43 
21.76 
22.09 
2242 
22.75 
23.08 


57.50 
58.44 
59..39 
60.33 
61.27 
62.21 
63.16 
64.10 
65.04 
65.98 


20.36 
20.70 
21.03 
21.36 
21.70 
22.03 
22.37 
22.70 
23.03 
23.37 


57.41 
58.35 
59.29 
60.24 
61.18 
62.12 
63.06 
64.00 
64.94 
65.88 


20.61 
20.95 
21.29 
2163 
21.96 
22.30 
22.64 
22.98 
23.32 
23.65 


71 
72 

74'i 

75 \ 

76 I 

77 ^ 

78 • 

79 i 

80 ! 


67.13 

68.08 
6902 
69.97 
70.91 
71.86 
72.80 
73,75 
74.70 
75.64 


23.12 
23.44 
23.77 
24.09 
24.42 
2474 
25.07 
25.39 
25.72 
26.05 


23.41 
2374 
24.07 
24.40 
24.73 
25.06 
25.39 
25.72 
26.05 
26.38 


66.93 
6787 
6a8l 
69.76 
70.70 
71.64 
72.58 
73.53 
7447 
75.41 


23.70 
24.03 
24.57 
24.70 
25.04 
25.37 
25.70 
2604 
26.37 
26.70 


66.82 
67.76 
68.71 
69.65 
70.59 
71.53 

7247 
73.41 
74.35 
75.29 


23.99. 
24.33 
24.67 
25.01 
25.34 
25.68 
26.02 
26.36 
2670 
27.03 


81 

82 

85 , 

84 

85 

86 

87 

88 

89 

90 1 


76.59 
77.53 
78.48 
79.42 
80.37 
81.31 
82.26 
83.21 
84.15 
8510 


26.37 
26.70 
27.02 
27.35 

27.67 
2800 
28.32 
28.65 
28.98 
2930 


76.47 
77.42 
7836 
79.30 
80.25 
81.19 
82.14 
83.08 
84.02 
84.97 


26.70 
27.03 
27.36 
27.69 
28.02 
28.35 
28.68 
29.01 
29.34 
29.67 


76.35 
77.30 
78.24 
79.18 
8012 
81.07 
8201 
82.95 
83.90 
84.84 


27.04 
27.37 
27.71 
28.04 
28.37 
28.71 
29.04 
29.37 
29.71 
30.04 


76.24 
77.18 
78.12 
79.06 
80.00 
8094 
81.88 
82.82 

83.76 
84.71 


27.37 
27.71 

28.05 
28.39 
28.72 
29.06 
29.40 
29.74 
30.07 
30.41 


91 

92 
93 
94 
95 
96 
97 
98 
99 
100 

• 

Q 


86.04 
86.99 
87.93 
88.88 
89.82 
90.77 
91.72 
92.66 
93.61 
94.55 


29.63 
29.95 
30.^8 
30.60 
30.93 
31.25 
31.58 
31.91 
32.23 
32.56 


8591 

86.86 
87.80 
88.74 
89.69 
90.63 
91.58 
92.52 
93.46 
94.41 


30.00 
30.33 
3066 
30.99 
31.32 
31.65 
31.98 
32.31 
32.64 
32.97 


85-78 
86-72 
87-67 
88 61 
89.55 
90.49 
91.44 
92-38 
93.32 
94.26 


30.38 
3071 
31.04 
31.38 
3171 
32.05 
32.38 
32.71 
33.05 
33.38 


85.65 
86.59 
87.53 
88.47 
89.41 
9035 
91.29 
92.24 
93.18 
94.12 


30.75 
31.09 
31.43 
3176 
32:10 
32.44 
32.78 
33.12 
33.45 
33.79 


pep. Lat. 


Dep. 


Lat. 


Dep. 

w 


Lat 


Dep. 


Lat. 


• 


71 Deg. 


70-3 Deg, 


70i Deg. 


70ADeg. 



p 
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TRAVERSE TABLE. 





/ 


\ 














* 






20 Dcg. 


20J] 


Dcg. 


20* Deg. 


20J Deg. 


.|g 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


r 


1 


0.94 


0.34 


0.94 


0.35 


0.94 


0.35 


0.94 


0.35 


1 


2 


1.88 


0.68 


1.88 


e.69 


' 1.87 


0.70 


1.87 


0.71 2 I 


3 


2.82 


1.03 


2 81 


1.04 


2.81 


1.05 


2.81 


1.06 3 1 


4 


3.76 


1.37 


3.75 


1.38 


3.75 


1.40 


3.74 


1.42 4 1 


5 


4.70 


1.71 


. 4.69 


1.73 


4.68 


1.75 


4.68 


1.77 


^ » 


6 


5.64 


2.05 


5.63 


2.08 


5.62 


2.10 


5.61 


2.13 


^1 


7 


6.58 


2.39 i 


6.57 


2.42 


6,56 


2.45 


6.55 


2.48 


^1 


8 


7.52 


2.74 ; 


7.51 


2.77 


7.49 


2.80 


7.48 


2.83 


^ 


9 


8.46 


3.08 ' 


8.44 


3.12 


8.43 


3.15 


8.42 


3.19 


^ 


10 
11 


9.40 


3.42 ' 


9.38 


3.46 


9.37 


3.50 


9.35 


3.54 


10 


10J34, 


3.76 


10.32 


3.81 


1030 


3.85 


10.29 


3.90 


11 


12 


11.28 


4.10 


11.26 


4.15 


11.24 


4.20 


11.22 


4.25 


12 


13 


12.22 


4.45 


12.20 


4.50 


12.18 


4.55 


12.16 


4.61 


13 


14 


13.16 


4.79 


13.13 


4.85 


13.11 


4.90 


13.09 


4.96 


14 


15 


14.10 


5.13 


14.07 


5.19 


14.05 


5.25 


14.03 


5.31 


15 1 


16 


15.04 


5.47 


15.01 


5.54 


14 99 


5.60 


1496 


5.6r 


16 




17 


15.97 


5.81 


15.95 


5.88 


15.92 


5.95 


15.90 


6.02 


17 


• 


18 


16.91 


616 


16.89 


6.23 


16.86 


6.30 


1683 


6.38 


18 




19 


17.85 


6.50 


17.83 


6.58 


17.80 


6.65 


17.77 


6.73 1 


19 




20 
21 


18.79 


6.84 


18.76 


6.92 


18.73 


7.00 


18.70 


7.09 


20 
21 




19.73 


7.18 


19.70 


7.27 


19.67 


7.35 


19.64 


7.44 




22 


20.67 


7.52 


20.64 


7.61 


20.61 


7.70 


20.57 


7.79 


22 




23 


21.61 


7-87 


21.58 


7.96 


2154 


805 


21.51 


8.15 


23 




24 


2255 


8.21 ; 


22.52 


8.31 


22.48 


8.40 


22.44 


8.50 


24 




25 


23.49 


8.55 1 


23.45 


8.65 


23.42 


8.76 


23.38 


8.86 


25 1 


26 


24.43 


8.89 1 


24.39 


9.00 


24.35 


9.11 


24.31 


9.21 


25 




27 


25.37 


9.23 : 


25.33 


9.35 


25.29 


9.46 


25.25 


9.57 


27 




28 


26.31 


9.58 1 


26.27 


9.69 


26.23 


9.81 


26.18 


9.92 


28 




29 


27.25 


9.92 


27.21 
28.15 


10.04 


27.16 


10.16 


27.12 


10.27 


29 




30 


28.19 


10.26 

1 


10.38 


28.10 


10.51 


28.05 


10.63 


SO 
31 




31 


29.13 


10.60 


29.08 


1073 


29.04 


10.86 


2899 


10.98 




32 


30.07 


10.94 


30.02 


11.08 


29.97 


11.21 


29.92 


11.34 


32 




33 


31.01 


11.29 


30.96 


11.42 


30.91 


11.56 


30 86 


11.69 


33 




34 


31.95 


11.63 


31.90 


11.77 


31.85 


11.91 


31.79 


12.05 


34 




35 


32.89 


11.97 


32.84 


12.11 


32.78 


12.26 


32.73 


12.40 


35 




36 


33.83 


1231 


33.77 


1246 


33.72 


12.61 


33.66 


12.75 


36 




37 34.77 


12.65 


34.71 


12.81 


34.66 


12.96 


34.60 


13.11 


37 




38 35.71 


13.00 


35.65 


1315 


3559 


13.31 


35.54 


1346 


38 




39 ' 36.65 


13.34 


36.59 


13.50 


36.53 


13.66 


36.47 


13.82 


39 




40 


: 37.59 


13.68 


37.53 


13.84 


37.47 


14.0! 


37.41 


14.17 


40 
41 




41 


38.53 


14.02 


3^.47 


14.19 


38.40 


14.36 


38.34 


14.53 




42 


39.47 


14.36 


39.40 


14.54 


39.34 


14.71 


39.28 


14.88 


42 




43 


40.41 


14.71 


40.34 


14.88 


40.28 


15.06 


40.21 


15.23 


43 




44 


41.35 


15.05 


41.28 


15.23 


41.21 


15.41 


4115 


15.59 


44 




45 


42.29 


15.39 


42.22 


15 58 


42.15 


15.76 


42.08 


15.94 


45 




46 


43.23 


15.73 


43.16 


15.92 


43.09 


16.11 


43.02 


16.30 


46 




47 


44.17 


16.07 


44 09 


16.27 


4402 


16.46 


43 95 


16.65 


47 




48 


45.11 


16.42 


45.03 


16.61 


44.96 


1681 


44 89 


17.01 


48 




49 


46.04 


16.76 


45.97 


16.96 


45.90 


17.16 


45.82 


17.36 


49 




50 


46.98 


17.10 


46.91 


17.31 


46.83 


17.51 


46.76 


17.71 


50 




Dist. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


4-* 




70 E 


teg. 

1 


69|] 


Oeg. 


69 ^ De^. 


69^] 


Deg. 
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•— • 

• 


20 Deg. 1 


20J Deg. 


20t Do^.^ 1 


20| Deg. 







Lat. Dep* | 


47.85 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Cfl 

51 




51 


47.92 


17.44 


17.65 


47.77 


17.86 


47.69 


18.07 




52 


48.86 


17.79 


48.79 


laoo 


48.71 


18.21 B 


4a63 


18.42 


52 




53 


49.80 


18.13 


49.72 


18.34 


49.64 


18,56 


49.56 


18.78 


53 




54 


50.74 


18.47 


50.66 


18.69 


50.58 


18.91 


50.50 


19.13 


54 




55 


51.68 


18.81 


51.60 


19-04 


51.52 


19.26 


51.43 


19.49 


55 




56 


52.62 


1915 


52.54 


19.38 


52.45 


19.61 


52.37 


19.84 


56 




57 


53.56 


19.50 


53.48 


19.73 


53.39 


19.96 


53.30 


20.19 


57 




58 


54.50 


19.84 


54.42 


20.07 


54.33 


20.31 


5424 


2055 


58 




59 


55.44 


20.18 


55.35 


2042 


55.26 


20.66 


55.17 


20.90 


59 




60 
61 


56.38 

1 


20.52 


56.29 


20.77 


56.20 


21.01 


56.11 


21.26 


60 




57.32 


20.86 


57.23 


21.11 


57.14 


21.36 


57.04 


21.61 




62 


58.26 


21.21 


58.17 


21.46 


58.07 


2171 


57.98 


21.97 


62 




63 


59.20 


21.55 


59.11 


21.81 


59 01 


2206 


58.91- 


22.32 63 




64 


60.14 


21.89 


60.04 


22.15 


59.95 


22.41 


59.85 


22.67 64 




65 


61.08 


2253 


60.98 


22.50 


60.88 


22.76 


60.78 


23.03 


65 




66 


62.02 


22.57 


61.92 


22.84 


61.82 


23.11 


61.72 


23.38 


66 




67 


62.96 


22.92 


62.86 


23.19 


6276 


23.46 


62.65 


2374 


67 




68 


63.90 


2326 


63.80 


23.54 


63.69 


23.81 


63.59 


24.09 


68 




69 


6484 


23.60 


64.74 


23.88 


64.63 


2416 


64.52 


24.45 


69 




70 
71 


65.78 


2394 


65.67 


24.23 


65.57 
66.50 


24.51 


65.46 


24.80 


70 
71 




66.72 


24.28 


66.61 


24-57 


24.86 


66.39 


25.15 




72 


67.66 


24.63 


6r.5S 


24.92 


67.44 


2521 


6733 


25.51 


72 




73 


68.60 


24.97 


68.49 


25.27 


68.38 


25.57 


68.26 


25.86 


73 




74 


69.54 


25.31 


69.43 


25.61 


69.31 


25.92 


69.20 


26.22 


74 




75 


70.48 


25.65 


70.36 


25.96 


70.25 


26.27 


70.14 


26.57 


75 




76 


71.42 


25.99 71.30 


26.30 


71.19 


26.62 


71.07 


2693 


76 




77 


72.36 


26.34 72.24 


26.65 


72.12 


26.97 


72.01 


27.28 


77 




78 


73.30 


26.68 73.18 


27.00 


73.06 


27.32 


72.94 


27.63 


78 




79 


74.24 


27.02 74.12 


2734 


74.00 


27.67 


73.88 


27.99 


79 




80 
IT 


75.18 


27.36 


75.06 


27.69 


74.93 


28.02 


74.81 


28.34 


80 
81 




76.12 


2770 


75.99 


28.04 


75.87 


28.37 


7575 


28.70 




82 


77.05 


28.05 


76.93 


28.38 


76.81 


28.72 


76.68 


29.05 


82 




83 


77.99 


28.39 


77.87 


2^.73 


77.74 


29.07 


77.62 


29.41 


83 




84 


78.93 


28.73 


78.81 


29.07 


7868 


29.42 


78.55 


29.76 


84 




85 


79.87 


29.07 


79.75 


29.42 


79.62 


29.77 


79.49 


30.11 


85 




So 


80.81 


29.41 


80.68 


29.77 


80.55 


30.12 


80.42 


30.47 


86 




87 


81.75 


29.76 


81.62 


, 30.11 


8149 


30.47 


81.36 


30.82 


87 




88 


82.69 


30.10 


82.56 


'30.46 


8243 


30.82 


82.29 


31.18 


88 




89 


83.63 


3a44 


83 50 


30.80 


83.36 


31.17 


83.23 


31.53 


89 




90 
91 


84.57 


30.78 


84.44 


31.15 


84.30 


31.52 


84.16 


31.89 


90 
91 




85.51 


31.12 


85.38 


31.50 


85.24 


31.87 


85.10 


32.24 




92 


86.45 


31.47 


86.31 


31.84 


86.17 


32.22 


8603 


32.59 


92 




93 


87;39 


3181 


87.25 


32.19 


87.11 


32.57 


8697 


32 95 


93 


94 


88.33 


32.15 


88.19 


32.54 


88.05 


32.92 


87.90 


33.30 


94 


95 


89.27 


32.49 


89.13 


32.88 


88.98 


33.27 


88.84 


33.66 


95 




:9S 


90.21 


32.83 


90.07 


33.23 


89.92 


33.62 


89.77 


34.01 


96 




97 


91.15 


33.18 


91.00 


33.57 


90.86 


33.97 


90.71 


34.37, 


97 




98 


92.09 


33i52 


9194 


33.92 


91.79 


34.32 


91.64 


34.72 


98 




99 


93.03 


33.86 


92.88 


34.27 


92.73 


34.67 


92.58 


35.07 


99 




lOO 

• 
*•* 

i/i 

Q 


93.97 


34.20 


93.82 


34.61 


; 93.67 


35.02 


93.51 


35.43 


100 

• 

Oi 

.1— • 

Q 




Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. Lat. 




70 Deg. 


69| Deg. 


69A Deg. 


691 Deg. 
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• 


81 Deg. 


21^ Deg. 


214 Deg. 
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31,50 


54.42 


31,74 


54.23 


31,97 


54.14 


32,21 


63 


64 


55-43 


3200 


55.29 


35.24 


55.14 


32.48 


55.00 


3272 


64 


65 


56-29 


32,50 


56.15 


32.75 


56.01 


32.99 


55.B6 


33.23 


65 


6fi 


5M6 


33m 


57.01 


33.25 


56.87 


33,50 


56.72 


33,75 


66 


6? 


58 02 


33.50 


57.88 


33.75 


57.73 


34.01 


57.53 


34.36 


6? 


68 


58 89 


S400 


58.74 


3426 


58.59 


34-51 


58,44 


3477 




69 


59-76 


34 50 


59.60 


3476 


59,45 


35,02 


59.30 


35.28 


69 


ro 


60;62 


35.00 


60.47 


3526 


60.31 i 35.53 


60.16 


35,79 


70 


,n 


■61,49 


35.50 


61-33 


35.77 


61-18 


36.04 


61,02 


36,30 


71 


72 


62.35 


36,00 


62.30 


•36,27' 
36,78 


62,U4 


36-54 


61.88 


3681 


73 


73 


63,22 


36.50 


63.06 


62.90 


3705 


62-74 


37-32 


73 


74 


6400 


37-00 


63.92 


37,28 


63/6 


3f.56 


63.60 


37.84 


74 


75 


6455 


37,50 


61.79 


37,78 


64,62 


38,07 


64.46 


3835 


75 


76 


6S.83 


38.00 


65.65 


38.39 


65.48 
66.35 


38 57 


65.31 


38,86 


76 


77 


66,63 


38.50 


66.52 


3879 


39.08 


66-17 


39,37 


77 


78 


67.55 


39,00 


67.38 


39.29 


67,21 


39,59 


67.03 


39,88 


78 


79 


6842 


39.50 


68.24 


39J«) 


68,07 


40.10 


67.89 


40.39 


79 


SO 




40.00 


69.11 


40-30 


68,93 


40,60 


68-75 


40.90 


80 


IT 


70,15 


40-50 


69.9? 


40.81 


69,79 


41 11 


69J51 


41.41 


"sT 


82 


71,01 


4100 


70.83 


41,31 


70.65 


41,62 


70,47 


41.93 


83 


■ 83 


71,88 


41-50 


71.70 


4I,8t 


71J2 


4213 


71.33 


42,44 


83 


84 


72.75 


43-00 


72.56 


42 32 


72.38 
73:24 


42-63 


72.19 


42.9S 


84 


8S 


73,61 


43-50 


73.43 


43,83 


43.14 


73.05 


43,46 


85 


85 


74,48 


43-00 


74.29 


43,32 


74,10 


43.65 


7391 


43,97 


86 


87 


75.34 


4350 


75.15 


43-83 


74,96 


44,16 


74-77 


MM 


87 


88 


76,ai 


4400- 


76.02 


44,33 


75,82 


44.66 


75.63 


44,99 


88 


89 


77.08 


44-50 


76.88 


44,84 


76.68 


45,17 


76,49 


45.51 




90 


77.94 


45-00 


77.75 


iSM 


77.55 


45,68 


77.35 


4602 


90 


~9l 


78,81 


45.50 


78-61 


45,84 


78,41 


46,19 


78.21 


46.53 


91 


93 


79,67 


46.00 


79.47 


46,35 


79.27 


46,69 


79,07 


47,04 


92 


93 


80,54 


46.50 


80,34 


46,85 


8U,13 


4750 


79.93 


47.55 


93 


M 


81,41 


47-00 


61.30 


47-35 


80.99 


47.71 


80,78 


48,05 


94 


95 


8327 


47.50 


8^.06 


47-86 


81,85 


48,23 


81.64 


48,57 


95 


96 


83.14 


48.00 


82.93 


48.36 


8272 


48.72 


83.50 


49.08 


96 


9t 


84,00 


43.50 


83.79 


48.87 


83.58 


49.23 


83,36 


49,60 


97 


98 


84.87 


49.00 


84.S6 


49.37 


84.44 


49,74 


84,23 


50.11 


98 


99 


85.7* 


49.50 


85.53 


49.87 


85,30 


50.35 


85.08 


50.63 


99 


100 


86:60 


50.00 


86.^8 


50.33 


86.16 


5075 


85,94 


51.13 


100 


T 


Dcp. 


Lat. 


D.p. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


5 


Q 


60 J 


)eg. 


■59^ 


Deg. 


59i 


Dei" 


SH 


Deg. 
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• 
1 


31 Deg. 


Sl^D^g. 


31 J Deg. 


3l|I3eg. I 






LkL 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


r>ep. 


IP 

• 




0.86 


0.51 


0.85 


0.52 


0.85 


0.52 


0.8S 


-Q.55 


1 




2 


1.71 


1.03 


1.71 


1.04 


Ul 


1.04 


170 


x.os 


2 




3 


2.57 


1.55 


2.56 


1.56 


2.56 


1.57 


255 


x^a 3\ 




4 


3.43 


2.06 


3.42 


2.08 


3.41 


2.09 


^.40 


2.10 . 4 I 




5 


4.29 


2.58 


4-27 


2.59 


4.26 


261 


4.25 


2.e3 1 


5 




6 


5.14 


3.09 


5.13 


3.11 


5.12 


313 


5.10 


3.16 1 


6 




T 


6.00 


3.61 


5.98 


3.63 


5.97 


3.66 


5.95 


3.68 


7 




8 


6.86 


4.12 


6.84 


4.15 


6.82 


4.18 


6.80 


4.21 


B 




9 


7.71 


4.64 


7.69 


4.67 


7.67 


479 


7.65 


4.74 ' 


9 




10 
11 


8.57 


5.15 


8.55 


5.19 


8.53 


5.22 


8:50 
9.35 


5.25 10 




9.43 


5.67 


940 


5.71 


9.38 


5.75 


S,79 11 




12 


10.29 


6.18 


10,26 


6.23 


10.23 


6.27 


10,20 


e-31 i 12 




13 


11.14 


6.70 


11.11 


6.74 


11.08 


6.79 


11.05 


6.84 f 13 




14 


12.00 


7-21 


11.97 


7.26 


11.94 


731 


11.90 


r,37 1 14 




15 


12.86 


7-73 


"1282 


7.78 


12.79 


7.84 


12.76 


r.s9 IS 


/ 




16 


1371 


,824 


13.63 


a30 


13.64 


8.36 


13.61 . 


S.4S 16 






17 


14.57 


876 


14.53 


8-82 


14.49 


8^ 


14.46 


8.95 IT 


1 




18 


15.43 


927 


15439 


9.34 


15.35 


9.40 


15.31 


9.4r 1 IS 


* 




19 


16.29 


9-79 


16.24 


9.86 


16.20 


9,93 


16.16 


lO.OO I 19 






20 
'21 


17.14 


10.30 


17.10 
17.95 


10.38 


17.05 

< 


1045 


17.01 


10.52 


20 


/ 




18.00 


10.82 


10.89 


17.91 


10.97 


17.86 


11.05 


2li 




22 


18.86 


11.33 


18.81 


11.41 


18.76' 


11.49 


18,71 


11.58 1 22 1 




23 


19.71 


11.85 


19.66 


11.93 


19.61 


1202 


19.56 


12.10 ^ 23 f 
12.63 24 




24 


20:57 


12.36 


20.52 


12.45 


20.46 


12.54 


20.41 




25 


21.43 


12.88 


21.37 


1297 


21.32 


12.06 


21^ 


13.16 25 




26 


22.29 


13.39 


22.23 


13.49 


22.17 


13.58 


22.11 


13.68 ^6 






27 


23.14 


13.91 


23.08 


14.01 


23.02 


14.11 


22.96 


14^1 1 27 






28 


24.00 


14.42 


23.94 


14.53 


23.87 


14.63 


23.81 


1473 


28 1 




29 


24.86 


14.94 


24.79 > 


15.04 


24.73 


15.15 


24.66 


15.26 


29 






30 
IT 


2571 


15.45 


;25.65 


15.56 


25.58 


15.67 


25.51 


15.79 


30 

IT 






26.57 


1597 


26.^ 


. 16.08 


26.43 


15.20 


26.36 


16.31 






32 


27.43 


16.48 


27.36 


16.60 


27.28 


16,7^ 


3721 


16.84 


32 






33 


28.29 


17.00 


28.21 


17.12 


28.14 


17.24 


28.06 


17.37 


33 




* 


34 


29.14 


17.51 


29.07 


17.64 


28 99 


' 17.76 


28.91 


17.89 


34 






35 


30.00 


18.03 


29.92 


18.16 


29.84 


18.29 


29.76 


1842 


35 






36 


30.86 


18.54 


30.78 


18.68 


30.70 


18.81 


30.61 


18.94 


36 






37 


31.72 


19.06 


31.63 


19.19 


31.55 


1943 


:Jl.46 


19.47 


37 






38 


32.57 


19.57 


32.49 


19.71 


32.40 


19.85 


32.31 


20.00 


38 






39 


33.43 


20.09 


33.34 


20.23 


33.25 


20.38 


33.16 


20.52 


39 






40 
41 


34.29 
55.14 


20.60 


34.20 


20.75 
2L27 


34.11 


20.90 


34.01 


21,05 


40 
41 






21.12 


35.05 


34.96 


21.42 


34,86 


21.57 






42 


36.00 


21.63 


35.9.1 


21.79 


35.81 


21.94 


3571 


22.10 


42 






43 


36.86 


22.15 


36.76 


25.31 


36:66 


22.47 


36.57 


22.63 


43 




\ 


44 


' 37.72 


22.66 


37.62 


22.83 


37.52 


22.99 . 


37.42 


2315 


44 






45 


38.57 


23.18 


38.47 


23.34 


38.37 . 


23.51 


38.27 


2,3.68 


45 






46 


39.43 


23.69 


39.33 


23.86 


39.22 


2403 


39.12 


24.2r 
il73 


46 






47 


4029 


2421 


' 40.18 


24.38 


40.07 


24.56 


39.97 


47 






48 


4i:i4 


24.72 


41.04 


24.90 


40.93 


25.08 


40.82 


25.26 


48 






49 


42.00 


25.24 


41.89 


25.42 


41 78 


. 25.60 


41.67 


25.78 


49 






50 

• 

Q 


42.86 
Dep. 


25.75 


42.75 


25.94 


42.63 


2612 


42.52 


26.31 


50 






L4t. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep.. 


Lat. , 


.«i4 
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Deg. 


58f Deg. 


58^: 


E>eg. 


ff^iDeg. 
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1 
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1 - 1 
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51 Deg. 


SlJDeg. 


SHDeg. 


■5I| Deg. 


5 


Lat. 1 Dep. 


L»t. 


Dep. 


Lat. 


D.p. 


Lai. 


Dep. 


51 


43.72 


26.27 


43,60 


26,46 


43.48 


36.65 


43.37 


26.84 


31 


53 


u.5r 


26,78 


44 46 


26,98 


44,34 


27.17 


44.22 


37.36 


53 


53 


45.43 


27.30 


45.31 


27.49 


45,19, 


27.69 


45,07 


27.89 


53 


54 


46.29 


27.81 


4617 


2d.01 


46.04 


2521 


45.92 


28,42 


54 


55 


47.14 


38,33 


47.02 


28,53 


46,90 


28.74 


46.77. 


28.94 


55 


56 


48.00 


SB.64 


47,88 


39,03 


47,75 


39,25 


47.62 


2947 


56 


57 


4a86 


29.36 


.48.73 


29.57 


48,60 


29,78 


4147 


29.99 




58 


49.72 


29,87 


49.58 


30.09 


49,45 


30,30 


49.33 


30,53 




59 


50.57 


30,39 


50.44 


30.61 


50,31 


30.83 


50.17 


31,05 


59 


60. 


51.43 


30.90 


51.29 


31.13 


51,16 


31.35 


51.02 


31.57 


60 


"sT 


52,29 


31.42 


52.15 


31.65 


52 01 


31.87 


51.87 


33.10 


61 


62 


53.14 


31.93 


53.00 


32.16 


52.86 


32,39 


53,72 


33.63 


62 


63 


S4.D0. 


32,45 


53-86 


32,68 


53,72 


32.92 


53,57 


33,15 


63 


64 


54.85 


32.96 


54.71 


33.20 


54.57 


3344 


54,42 


33.68 


64 


65 


55.72 


3348 


55.57 


3372 


55/42 


33.96 


55.37 


34.20 


65 


66 


.56.57 


33,99 


56.43 


3424 


56.27 


34^ 


56.12 


34,73 


66 


67 


57.43 


34J1 


57.28 


34.76 


57.13 


35.01 


56-98 


35.26 


67 


68 


58.29 


■35.02 


58.13 


35,28 


57,98 


35.53 


57.83 


35.78 


6a 


69 


59,14 


35.54 


S8.99 


35.80 




36.03 


58.67 


36.31 


69 


.70 


60.00 


36,05 


59.84 


36.31 


59^68 


3S37 


59.52 


35.83 


70 


TT 


60,86 


35.57 


60.70 


3583 


60,54 


37.10 


60,37 


37,36 


71 


72 


61-72 


37,08 


61.55 


37.35 


61.39 


37.62 


61.23 


37.89 


73 


73 


62 57 


37.60 


62,41 


3737 


62,24 


38-14 


62.08 


38.41 


73 


74 


63.43 


3811 


63.26 


38.39 


63.10 


3&66 


62.93 


38,94 


74 


75 


64,29 


38.63 


64,12 


33.91 


63,95 


39.19 


63J8 


39.47 


75 


76 


65, U 


39,14 


64.97 


39.43 


64.80 


39.71 


64.63 


39.99 


76 


77 


66.00 


39.56 


65.83 


39.95 


65,65 


40,23 


53.48 


40.52 


77 


76 


66,86 


40.17 


66,68 


40.46 


66,51 


40,75 


66.33 


41.04 


78 


79 


67.73 


40,69 


67.54 


40.98 


67-36 


41,28 


67.18 


41.57 


79 


80 


68,57 


4130 


68.39 


41.50 


68,21 


41.80 


68,03 


42.10 


80 


81 


69,43 


41.72 


69.25 


42.02 


69.06 


42,32 


easB 


42.62 


"sT 


82 


70.29 


4223 


7aio. 


42J4 


. 69.92 


42.84 


69 73 


43.15 


83 


33 


71,14 


42 75 


70,96 


43.06 


70.77 


43,37 


70.58 


43,68 


83 


64 


7200 


43,26 


71.81 


43.53 


71,62 


43.89 


71.43 




84 


85 


7286 


43-78 


72.67 
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72.47 


44.41 


72.28 


44.73 


S5 


86 


73.72 


44,39 


73-52 


44.61 


73J3 


44.93 


73.13 


45.35 


86 


87 


74J7 


44,81 


74.38 


45.13 


74.18 


4S46 


73.98 


45.78 


87 


88 


75.43 


45.32 


75.23 


45,65 


73.03 


45.98 


74.83 


4631 


88 


89 


76.29 


45.84 


76,09 


4617 


73 88 


46.50 


75.68 


46.83 


89 


90 


77.15 


46,35 


7694 


46,69 


76.74 


47.03 


76.53 


47,36 


90 


91 


78.00 


46,87 


7780 


47.21 


J7,59 
?8.44 


47.55 


77.38 


47.89 


"gT 


92 


7a86 


47.38 


78 65 


47.73 


48.07 


7^23 


48,41 
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93 


79.72 


47.90 


7951 


48.25 


79.30 


48 59 


79.08 


48,94 


93 


94 


80,57 


48-41 


80J6 


43.76 


80.15 


49,11 


79.93 


49,47 


94 


95 


81A3 


48,93 


81,K 


49.28 


81,00 


49.64 


80.78 


49,99 


95 


96 


82.29 


49.44 


82.07 


49.® 


81,85 


50,16 


81-63 


50,52 


96 


97 


83.15 


49.96 


82.93 


50 32 


82.71 


50.68- 
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51.04 


97 


98 


84.00 


50,47 


83.78 


50.84 


83.56 


51.2J 


83,33 


51.57 


98 


99 
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84.64 


51,36 


84.41 


U,73 
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52.10 


99 


too 


8S.72 


■51.50 


85.49 


31,88 


85.26 


52.25 


85.04 


53.62 


100 


i 

Q 


Dep. 


L.t. 
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Ut. 


Dep. 


iMX. 


Dep. 


L.t. 


1 
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Deg. 


S8i 


Deg. 


58i 


Deg. 
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32 Deg. 


32^ Deg. 


32* Deg. 


323 Deg.^ 


G 

»-•• 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


CO 


0.85 


0.53 


0.85 


0.53 


0.84 


0.54 


0.84 


0.54 


1 


2 


1.70 


106 


1.69 


1.07 


1.69 


1.07 


1.68 


1.08 


2 


3 


2.54 


1.59 


2.54 


1.60 


2.53 


1.61 


2.52 


1.62 


3 


4 


3.39 


2.12 


3.38 


2.13 


3.37 


2.15 


3.36 


2.16 


4 


5 


4.24 


2.65 


423 


2.67 


4.22 


2.69 


4.21 


2.70 


5 

6 
7 


6 


5.09 


3.18 


5.07 


3.20 


5.06 


3.22 


5.05 


325 


7 


5.94 


3.71 


5.92 


3.74 


5.90 


X7^ 


5.89 


3.79 


8 


6.78 


4.24 


6.77 


4.27 


6 75 


4.30 


^7^ 


4.33 


8 




9 


763 


4.77 


7.61 


480 


7.59 


4.84 


7.57 


4.87 


9 




10 


8.48 


5.30 


8.46 


5.34 


8.43 


5.37 


8.41 


5.41 


10 
11, 




11 


9.33 


5.83 


9.30 


5.87 


9.23 


5.91 


9.25 


5.95 




12 


mi8 


6.36 


10.15 


6.40 


10.12 


6.45 


10.09 


6.49 


12 




IS 


11.02 


6.89 


1099 . 


6.94 


10.96 


6.98 


10.93 


7.03 


13 1 


14 


11.87 


7.42 


11.84 


7.47 


11.81 


7M 


1177 


7.S7 


15 \ 


15 


12.72 


7.95 


12.69 


8.00 


12.65 


8.06 


12.62 


8.11 


16 


13.57 


8.48 


13.53 


854 


1349 


8.60 


13.4^ 


8.66 


16 ; 


17 


1442 


9.01 


14.38 


9.07 


14.34 


913 


1430 


9,20 


17 i 


18 


15.26 


.9.54 


15.22 


9.61 


15.18 


9.67 


1514 


9.74 


I'S [ 


19 


16.11 


10.07 


16,07 


1014 


16.02 


10.21 


15.98 


10.28 


19 


p 


20 

21 


16.^6 


10.60 


16.91 


10.67 


16.87 


10.75 


16.82 


10.82 


20 




17.81 


11.13 


17.76 


11.21 


17.71 


11.28 


17.66 


11.36 


21 


■ 


22 


18.66 


11.66 


18.^1 


11.74 


18.55 


11.82 


18.50 


11.90 


22 




23 


19.51 
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38.60 


36.31 


38.44 


36.48 


38.29 


36.65 


53 


54 


39.49 


36.83 


39.33 


37.00 


39.17 


37.17 


39.01 


37.34 


54 


55 


40.22 


37.51 


4006 


37.69 


39.90 


37.86 


39.73 


38.03 


55 


56 


40.96 


38.19 


40.79 


38.37 


40.62 


38.55 


40.45 


38.72 


56 


57 


41.69 


38.87 


41.52 


39.06 


41.35 


39.24 


41.17 


39.42 


S7 


58 


42.42 


39.56 


42.25 


39.74 


42.07 


39.92 


41.90 


40.11 


58 


59 


43.15 


40.24 


42.97 


40.43 


42.80 


40.61 


42.62 


40.80 


59 


60 


43.88 


40.92 


43.70 


41.11 


43.52 


41.30 


43.34 


41.49 


60 t 
61 


61 


44.^1 


41.60 


44.43 


41.80 


44.25 


41.99 


44.06 


42.18 


62 


45.34 


42.28 


45.16 


4248 


44.97 


42.68 


4479 


42.87 


62 


6,S 


4608 


42.97 


4589 


43.17 


45.70 


43.37 


45.51 


43.57 


63 


64 


46.81 


43.65 


46.62 


43.85 


46.42 


44.05 


46.23 


44.26 


64 


65 


47,54 


44.33 


47.34 


44 54 


47.15 


44.74 


46.95 


4495 


65 


66 


48.27 


45.01 


4807 


45.22 


47.87 


45.43 


47.68 


45.64 


66 


67 


49.00 


45.69 


48.80 


45.91 


48.60 


46.12 


48.40 


46.33 


67 


68 


49.73 


46.38 


49.53 


46.59 


49.33 


46.81 


49.12 


47.02 


68 


69 


50.46 


47.06 


50.26 


47.28 


50.05 


47.50 


49 84 


47.%l 


69 


70 


51.19 


47.74 


50.99 


47.96 


50.78 


4-8.18 


50 57 


48.41 


70 


71 


5193 


4a42 


51.71 


48.65 


51.50 


48.87 


51.29 


49.10 


71 


72 52.66 


49.10 


5244 


49.33 


52.23 


49.56 


52.01 


4979 


72 


73 53.39 


49.79 


53.17 


50.02 


52.95 


50.25 


52.73 


50.48 


73 


74 54.12 


5047 


53.90 


50.70 


53.68 


50.94 


53.45 


51.17 


74 


75 54.85 


51.15 


54.63 


51.39 


54.40 


51.63 


5418 


51.86 


75 


76 55.58 


51.83 


55.36 


52.07 


55.13 


52.31 


5490 


52.55 


76 


77 56.31 


52.51 


56.08 


52.76 


55.85 


53.00 


55.62 


53.25 


77 


78 57.05 


53.20 


56.81 


53.44 


56.58 


53.69 


56.34 


53.94 


78 


79 57.78 


53.88 


57.54 


54.13 


57.30 


54.38 


57.07 


5463 


79 


80 


58.51 


54.56 


58.27 


5481 


58.03 


55.07 


57.79 


55.32 


80 
81 


81 


59.24 


55.24 


59.00 


55.50 


58.76 


55.76 


58.51 


56.01 


82 5997 


55.92 


59.73 


56.18 


59.48 


56.45 


59.23 


56.70 


82 


83 60.70- 


56-61 


60.45 


56.87 


60.21 


57.13 


59.96 


57.40 


83 


84 61.43 


57-29 


6118 


57.56 


60.93 


57.82 


60.68 


58.09 


84 


85 62.17 


57.97 


61.91 


58.24 


61.66 


58.51 


61.40 


58.78 


85 


86 62.90 


58.65 


62.64 


58.93 


62.38 


59.20 


62.12 


59.47 


86 


87 63.63 


59.33 


63.37 


59.61 


63.11 


59.89 


62.85 


60.16 


87 


88 64.36 


60.02 


64.10 


60.30 


63.83 


60.58 


6357 


60.85 


88 


89 65.09 


60.70 


64.82 


60.98 


64.56 


61.26 


64.29 


61.54 


89 


90 


65.82 


61.38 


65.55 


61.67 


65.28 


61.95 


65.01 


62.24 


90 
91 


91 


66.55 


62.06 


66.28 


6235 


6601 


62.64 


65.74 


6293 


92 


67.28 


62.74 


67.01 


63.04 


66.73 


63.33 


66.46 


63.62 


92 


93 


68.02 


63.43 


67.74 


63.72 


67.46 


6402 


67.18 


64.31 


93 


94 


68.75 


64.11 


68.47 


64.41 


68.19 


6471 


6790 


65.00 


94 


95 


69.48 


64.79 


69.20 


65.09 


68.91 


65.39 


68.62 


65.69 


95 


96 


70.21 


6547 


69:92 


65.78 


6964 


66.08 


69.35 


66.39 


96 


97 


70.94 


66.15 


70.65 


66.46 


7036 


66.77 


70.07 


67.08 


97 


98 


71.67 


66.84 


71.38 


67.15 


71.09 


67.46 


70.79 


67.77 


98 


99 


72.40 


67.52 


72.11 


67 83 


71.81 


68-15 I 


71.51 


68.46 


99 


100 

• 
*•* 

.2 - 


73.14 


68.20 


7284 


-68.52 


72.54 


68.84- 


7224 


6945 


IQO 


Dep. LAt. 


Bep'.^ 


ISat. 


Dep. 


Lat. 


Dep. Lat. 


• 
CO 


47 Deg. 


1* 


46^ Deg. 

— . - - 


461 Deg. 





M 



p 



TRAVERSE TABLE. 



44 Deg.U^^Deg. 44|Deg. 44iOeg. 45 Deg. ^ 



1.44 
2.16 
3.88 
3.60 
4.33 
5.04 
57S 
647 
7.19 



7.91 
8.63 
9.35 
10.07 
10.79 
11.51 
12.23 
12,95 
13.67 
114.39 



1419 



5820 



^"j 

0.69 
1.39 
2.08 
2.78 
3.47 
4.17 
4.86 
5.56 
6.35 
6.9^ 



Lat. Dep. Lat. Dep. Lat | Dep. LaU Dep 



. 



764 

8.34j 

9.03 

9.73 

10.42 

11.11 

11.81^ 

12.50; 

13,20! 

1389, 



14.59 
15.28 
15.98 
16.67 
17.37 
18.06, 

ia7a' 

.45 
20.15 
.841 



.3021. 



2570; 
26.40 



0527i)9i 
a77 27.79 28.65127 



28.48 
29.18! 
29.87 
.56 
l3l56 



6530 



5230. 
2331. 



29.: 
30.08,; 
30.80 
31.^ 
32.S 
09i31J35 32.9^32. 
8132.65 33.67 
^33^434.3833 
35.25^34.0135.1^34 
35.97 34.73 35.82 34.89 



7.88 

8.6o 

9.31 

10.03] 



7.68 
8.o7 
9.07 
9.77 



10.74 10.47 
11.46 11.16 
12.1£ 11.86 



1289 
13.61 



14.3313.96 1426i4X)2 14.2014.08 



0414. 
7615. 



0619. 



9222. 



22.: 
23.02 

23.7422.92 ^.^^ i*»,.-r^«„. 

24.46 23j62; 24.35J23.72 134!25|23! 

25.18 24.31; 

25.9025^11 

36.62 

27.33 



12.56 
13.26 



3726. 



0.71 

1.43 

2.14 

2.85 

3.57 

4.28 

4.99 4.91 
5.61 
6.31 
7.01 



7.85 
8.56 
9.27 
9.99 
10.70 
11.41 



12.13 11.92 
12.84 12.62 
13.55 13.32 



1216 



7.71 
8.41 
9.11 
9.81 
10.51 
11.21 



1472 

15.42 

16.12 

82 

17.52 

18.22 

26|ia92 

19.63 

.33 

.03 



6820 
40 21 



82 22. 
54 23. 



34.96 24.53 
25.68 25. 
26.39 25. 



10 26.6 
8227.3 
5338.04 



46 D£g 45f Dc^ 



29JH3874 
29.96 29.44 
30.67 30.14 
3,1.38 30.84 
32.1031.54 
32.81 32.34 
33 j;2 32.94 
34J24 3364 
^9534.34 
35.66 35.05 



7.81 
8.52 
9.2s 
9.94 
10.65 
11.36 



7.74 
8.45 
9.15 
9.86 
10.56 
11.26 



i2.O7Jll.97 12.0212 



12.78 
13.49 



14.91 
15.62 
16.33 
17.04 
17.75 
18.46 
19.17 
1989 
20.60 
21.31 



.0231. 



44 23 



30. 

31.S 

31.96 

32. 

3a3. 

34 

34.80 

35.51 



^ Dep. lAt. Pep. liat. Dep.|l4t. J^ILat. Dep. Lat ^, 

.^^^ _. ^—^^^^^^^^^^ ^^^^^^^^^^^^^mmH^m immm^m^m^amtmi^m^at^iml Mi^Haii^iMaHMaMV^taiMaiB ^mmm^^mmimm^^K^^^Km* ^^ 



12.67 
13.38 



14.78 
15.49 
16.19 
16.90 
17.60 
180^0 
19.01 
1971 
20.42 
21.12 



22.5. 



.23 
23.94 
24.64 
25.34 
2605 
26.75 
27.46 
38.16 



29.1228.86 
2983 



54 30 



25 30. 

9631. 

«7 32. 

8 33. 

0933. 



45iDe|r.|45lDcg. 



14.85 

1546 

16.26 

16.97 

17 

18.38 

19.09 

19.; 

20.51 

21.21 



6817 



8019 



25.46 
26.16 
26.87 
27. 

28. 



1485 
1556 
16.26 
16.97 

.68 
18.38 
19.09 

.80 
20.51 
2121 



21.92 

22.63 

23.33 

24.04j24.04 

24.7524.75 



21.92 
23.63 
33.33 



5827 



2838 



35.46 
26.16 
26.87 
.58 
.28 



993a99 



2970 



c 



28 

29.70 

30.4113041 
31.11 

32.53 
33.33 

34.65 



31.11 
.82 

32.53 

33.2 
.94 

34.65 
35.363536 



.8231. 



9433. 



45 Deg. A 
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TRAVERSE TABL^ 



n 



OB 



51 

52 

54 
55 

56 
57 
58 
59 



60^43.1641 



61 
62 
63 
64 
65 
66 
67 
68 
69 
70 



71 

72 
73 
74 
75 
76 
77 
78 
79 
80 



81 
82 
83 
84 
85 
86 
87 
88 
89 
90 



91 
92 
93 
94 
95 
9& 
97 
98 
99 
100 



Q 



43. 

44!60 

45.32 

46. 

46.76 

47. 

48.20 

48.92 

49.65 

50.35 



44 Deg. 



Lat. 



36 

37.41 

38. 

39.56 

40 

4t00 

4172 

42. 



6935 



1236 



2838 



4440, 



5179 
5251 



Dep 



.43 
3612 

82 
37.51 
3821 

.90 
39.60 
40.29 

.98 

.68 



8842.37 



0444 



4845 



63 47 



43.07 
43.76 

.46 
45.15 

.85 
46.54 
47.24 

.93 
48.63 



51.074932 



50.02 
50.71 



44J Deg. 



Lat. 



53J23\sl.40 
53.95i52.10 
54.67l52.79 
55.39l53.49 
56.11154.18 
56.83l54.88 
57.3555.57 

58.2756.27 
58.99i56.96 
59.7157.66 
60.4258.35 
61.1459.05 
6186.59.74 
62-5860.44 
63^0'61.13 
64.02 6U82 



36.53 

37. 

37.96 

38.68 

39.40 

40.11 

40.83 

41.55 

42. 

42. 



i^5 36. 



2641. 



9841. 



43.69 

4441 

45.13 

45.8444.66 

46.56 

47.28 

47.99 

4a7l 

49. 

50. 



.4248 



1448 



64.74 



62.52 



65 

66. 

66 

67, 

68341 

69. 

69. 

70. 

71.21 

71.93 



4616321 
91 

60 

30 

65.99 

.69 

.38 



18 63. 

9064. 

62 65 

3465. 

0666. 

7867. 

50|68.08 
6877 
69.47 



Dep. Lat. 

46 Deg. 



44^ Deg. 



Lat. 



42.57 
43.26 
43.96 



45.36 
46.05 
46.75 
47.45 
15 
85 



50864954 
51.5750 24 

52.29 50 94 
53.01 51.64 
53.72 52.33 
54.44 5:^.03 
55.16 53.73f 
55.87 54.43 
56.59 55.13 

57.30 55 82 



58.02 56.52 5777 56 
58.7457.22 58.4957 
59.455792 59.20|58 
60 

60 89 

61.6060.01 61.3460 
62.3260.71 620560 
63.03 61.41 62.77161 
63. 



5792 
.61 

59.31 
60.01 
.71 
61.41 
10 
64.47|62.80 



17 58. 



75 62 



65.1863.50 
65.90 64.20 

66.62 64.89 
67.33 65.59 
68.05 66 29 
68.76 66.99 
69.4867.69 
70.20 68.38 
70 9l 69.08 

71.63 69.78 
■^..■K".' «■■■■■« 

Dep Lat. 
45| Deg. 



3d 

37.09 

37.80 

38.52 

39.23 

39. 

40.66 

41 

42. 

42. 



3835 



9439 



37140 
0841 
7942 



43.51 

44.22 

44.93 

4565 

46.36 

47. 

47. 

48.50 

49.21 

49.93149.06 



.0746.: 
7946. 



Dep. 



Dep. 



.75 
36.45 
37.15 
37.85 
38.55 
25 
39.95 
.65 
.35 
.05 



50.64149.76 
51.3550.47 
520751.17 
52.7851.87 
53.49 52.57 
54.21 53.27 
54.9253.97 
55.6354.67 
56.35 55.37 
57.0656.07 



.77 
47 
.18 
58.88 
5958 
.28 
98 
.68 
.38 



4862 
1963.08 



63.78 



64.91 

65.62|64.48tt65 

66.33 

67.05 

67.; 

68. 

69.19 

69.90 

70.61 

71.33 



666 
47 67 



65.18 
65.89 
59 
.29 
67.99 
68.69 
69.39 
70.09 



Lat. 



45iDeg. 



44| Deg. 



Lat. 



36.22 35.90 

36.9336.61 

.37.64 3731 

38.35 38.02 

39.06138.72 

39 

40 

41. 

41. 

42.61 



77 39 

.48 40 
.1940, 
.9041. 



43.32 

44.03 

44.74 

45. 

46. 

46.87 

47. 

48. 

49.1 

49.71 



45 45. 
1645. 



5847. 
29 47. 
,00 48. 



.:> 



50.42 

51.13 

51. 

52.5 

53.26 

53.97 

54.68 

55.39 

5610 

56.81 



84 51 



64.63 
.34 
66.05 
66.76 
67. 
68.18 
68.89 
69^60 
70.31 
71.02 



Dep. 



Dep. 



4998 
50.69 
.39 
52.10 
52.80 
53.51 
54.21 
54.91 
55.62 
56.32 



5752 57.03 
58.2457.73 
58.95 58.43 
59.6659.14 
60.37 59.84 
61.0860.55 
61.79 bl. 25 
62.5061.95 
63.21 62.66 
63.9263.36 



45 Deg. 



Lat. Dep. 



36.0636.06 
36.7736.77 
37.4837.48 
38.1838.18 
38.89 3&89 
39.6039.60 
40.31 4a3l 
41.01 41.01 
41.7241.7? 
434342.43 



43.1343.13 
.84 
.55 



.o44m' 



.5544 
2545.25 



43. 

44 

45.! 

45!96|45.19 

46. 

47. 

48084a08 

48.7948.79 

495049.50 



.6746 
.3847 



2050 



50. 
50.91 
51.62 
52 

53.03* 

53. 

54. 

55. 

55. 

56.57 



3352 



7453 
45 54^5 



1555 



8655 



47 66 



64.07 
64.77 
65.47 
66.18 
.88 
67.59 
68.29 
68.99 
69.70 
70.40 

Lat. 

>*.. Ill 



57 

'57.98 
58j 
59.40 
60 
160 81 
161.52 
62.23 
162.93 
63. 



64. 
65.05 
65. 
66.47 
67.18 
67.88 
68.59 
i 69.30 
70.00 
70.71 

Dep 



45iDeg. 



.67 
^38 




.15 

.86 
56.57 



2857 



O 

CO 



51 
52 
53 
54 
55 
56 
S7 
58 
59 
60 



61 
62 
63 
64 
65 
66 
67 
68 
69 
70 



71 

72 
73 
74 
75 
76 
77 

rs 

79 

80 



6958 



1060 



28 81 
5798 82 

69 83 
59.40 84 

10 85 



6463 



60.81 
6L52 
62.33 
6293 
.64 



3564 



7665 



.35 
65.05 

76 
66-47 
67.18 
6788 
68.59 
69.30 
70.00 
70.71 

Lat. 



86 
87 
88 
89 
90 



45 Ddg. 



91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



3 



mt^ 



A TABLK 



OF 



LOGARITHMS, 



FROM 1 TO 10,000. 



Mte. The index of the logarithm of every integer 
Bambpr consisting of only one figure is 0, of two 
figures 1, of three figures S, of four figures 3 j being 
always an unit less than the h mber of figures con- 
tained in the integer num or. In this table, as is ge- 
nerally the case, the index to the logarithm of every 
number above 100 is omitted; yet in the operation 
must be prefixed according to this remark; so the 
logarithm of 700 is 3,84510, and of 7000 is 3,84510, 
and so of the rest. 



No. 


Log. 


No. 
21 


Log. 


No. 


Log. 


No. 


Log. 


No. 


Log. 


1 


i' uoooo 


1.32222 


41 


1.61278 


61 


1.78533 


81 


1 90849 


2 


O.30I03 


22 


34242 


42 


62325 


62 


79239 


82 


91381 


3 


...47712 


:i3 


36173 


43 


63347 


63 


79934 


83 


91908 


4 


0.60206 


2-1 


38021 


44 


64345 


64 


80618 


84 


92428 


5 


0.69897 


25 


39794 


45 


65321 


65 


81291 


85 


92942 


6 


U.77815. 


26 


41497 


46 


66276 


66 


8I954 


86 


93450 


7 


0.84510 


27 


43136 


47 


67210 


67 


82607 


87 


93952 


8 


0.90309 


28 


447I6 


48 


68124 


68 


83251 


88 


94448 


9 


95.24 


29 


46240 


49 


69020 


69 


83885 


89 


94939 


10 
11 


l.OOUOo 
104139 


30 
31 


47712 


SO 


69897 


70 


84510 


90 
91 


95424 


1.49136 


51 


1.70757 


71 


1.85126 


1.95904 


i2 


07918 


32 


50515 


52 


71600 


72 


85733 


92 


96379 


13 


11 m 


or* 


51851 


y3 


72428 


73 


86332 


93 


96848 


14 


14613 


34 


53148 


54 


73239 


74 


86923 


94 


97313 


15 


17609 


35 


54407 


55 


74036 


75 


87506 


95 


97772 


16 


20412 


36 


55630 


56 


74819 


76 


88081 


96 


98227 


17 


23045 


37 


56820 


57 


75587 


77 


88649 


97 


98677 


18 


U527 


38 


57978 


58 


76343 


78 


89209 


98 


99123 


19 


27875 


39 


59106 


59 


77085 


79 


89763 


99 


99564 


• 20 


30103 ! 40 


60206 


60 


77815 


80 


90309 


100 


2.00000 



Logarithms from 1 to 10^000. 
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No. 



PO 
01 
02 
03 
04 
05 
06 
07 
08 
09 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 



20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
^3 
54 
55 
56 
57 
58 
59 



00000 
00432 
00860 
01284 
01703 
02119 
02531 
02938 
03342 
03743 

04139 
04532 
04922 
05308 
05690 
06070 
06446 
06819 
07188 
07555 

07918 
08279 
08636 
08991 
09342 
09691 
0037 
0380 
0721 
1059 



1394 
1727 
2057 
2385 
2710 
3033 
3o54 
3672 
3988 
4301 



4613 
4922 
5229 
5534 
5836 
6137 
6435 
6732 
7026 
7319 



7609- 
7898 
8lt« 
8469 
8752 
9033 
9312 
9590 
9866 
20140 



1 


2 


00043 
00475 
00903 
01326 
01745 
02166 
02572 
02979 
03383 
03782 


00087 
00518 
00945 
01368 
01787 
02202 
02612 
03019 
03423 
03822 


04179 
04571 
04961 
05346 
05729 
06108 
06483 
06856 
07225 
07591 


04218 
04610 
04999 
05385 
05767 
06145 
06521 
06893 
07.^62 
07628 

07990 
08350 
08707 
09D61 
09412 
09760 
10106 
10449 
10789 
11126 

11461 
11793 
12123 
12450 
12775 
13098 
13418 
13735 
14051 
14364 


07954 
08314 
08672 
09026 
09377 
09726 
10071 
10414 
10755 
11093 

01428 
11760 
12090 
12418 
12743 
13065 
13386 
13704 
14019 
14333 


14644 
14953 
15259 
15564 
15866 
16167 
16465 
16761 
17056 
17348 


14675 
14983 
15290 
15594 
15896 
16197 
16495 
16791 
17085 
17S7t 

17667 
17955 
18241 
18526 
18808 
19089 
19368 
19645 
19921 
20194 


17638 
17926 
18213 
18497 
18780 
19061 
19340 
19618 
19893 
20167 



00130 
00561 
00988 
01410 
01828 
02243 
02653 
03060 
03463 
03862 



4 



04258 
04650 
05038 
05423 
05805 
06183 
06558 
06930 
07298 
07664 



08027 
08386 
08743 

09097 
09447 

09795 
10140 
10483 
10823 
11160 



11494 
11826 
12156 
12483 
1^08 
13130 
13450 
13767 
14082 
14395 

14706 
15014 
15320 
15625 
15927 
16227 
16524 
16820 
17114 
17406 

17696 
17984 
18270 
18554 
18837 
19117 
19396 
19673 
19948 
20222 



00173 
00604 
01030 
01452 
01870 
02284 
02694 
03100 
03503 
03902 

04297 
04688 
05077 
05461 
05843 
06221 
06595 
06967 
07335 
07700 

08063 
08422 
08778 
09131 
09482 
09830 
10175 
10517 
10856 
11193 

11528 
11860 
12189 
12516 
12840 
13162 
13481 
13799 
14114 
14426 

14737 
15045 
15351 
15655 
15957 
16256 
16554 
16850 
17143 
17435 



17725 
18013 
18298 
18583 
18865 
19145 
19424 
19700 
19976 
20249 



00217 
00647 
01072 
01494 
01912 
02325 
02735 
03141 
03543 
03941 

04336 
04727 
05115 
05500 
05880 
06258 
06633 
07004 
07372 
07737 



08099 
08458 
08814 
09167 
09517 
09864 

10209 
10551 
10890 
11227 
11561 
11893 
12222 
12548 
12873 
13194 
13513 
13830 
14145 
14457 

14768 
15076 
15381 
15685 
15987 
16286 
16584 
16879 
17173 
17464 



17754 
18041 
18327 
18611 
18893 
19173 
19451 
19728 
; 20003 
120276 



00260 
00689 
01115 
01536 
01953 
02366 
02776 
03181 
03583 
03981 

04376 
04766 
05154 
05538 
05918 
06296 
06670 
07041 
07408 
07773 

08135 
08493 
08849 
09202 
09552 
09899 
10243 
10585 
10924 
11260 

11594 
11926 
12254 
12581 
12904 
13226 
13545 
13862 
14176 
14488 

14798 
15106 
15412 
15715 
16017 
16316 
16613 
16909 
17202 
17493 

17782 
18070 
18355 
18639 
18921 
19201 
19479 
19756 
20030. 
20303 



00303 
00732 
01157 
01578 
01995 
02407 
02816 
03222 
03623 
04021 

04415 
04805 
05192 
05576 
05956 
06333 
06707 
07078 
07445 
07809 



08171 
08529 
08884 
09237 
09587 
09933 
10278 
10619 
10958 
11294 

11628 
11959 
12287 
12613 
12937 
13258 

13577 
15893 

14208 
14520 

14829 
15137 
15442 
15746 
16047 
16346 
16643 
16938 
17231 
17522 



8 



17811 

18099 

18384 ; 

18667 < 

18949 i 

19229 

19507 

19783 

20058 

20330 



00346 

00775 

01199 

01620 

02036 

02449 

02857 

03 .'62 

03663 • 

04060 j 

04454; 

04844 

05231 

05614 

05994 

06371 i 

06744 

07115 

07482 

07846 

08207 
08565 

08920 
09272 
09621 
09968 
10312 
10653 
10992 
11327 

11661 
11991 
12320 
12646 
12969 
13290 
13609 
13925 
14239 
14551 

14860 
15168 
15473 
15776 
16077 
16376 
16673 
16967 
17260 
17551 

17840 
18127 
18412 
18696 
18977 
19257 
19535 
19811 
20085 
20358 



00389 
00817 
01242 
01662 
02078 
02490 
02898 
03302 
03703 
04100 

04493 
04883 
05269 
05652 
06032 
06408 
06781 
07151 
07518 
07882 

08243 

08600 

08955 

09307 

09656 

10003 

10346 

10687, 

11025 

11361 

11694 
12024 
12352 
12678 
13001 
13322 
13640 
13956 
14270 
14582 

14891 

15198 

15503 

15806 

16107 

164051 

16702 

16997 

17289 

17580 

17869 
18156 
18441 
18724 
19005 
19285 
19562 
19838 
20112 
20385 



^ 



•^^ 



94 



Logarithms from 1 to 10,000. 



No. 

160 




20412 


1 


2 


, 3 


4 


5 

20548 


6 


7 


8 

20629 


9 


20439 


20466 


20493 


20520 


20575 


20602 


20656 


161 


20683 


20710 


20736 


20763 


20790 


20817 


20844 


20871 


20898 209251 
51165 211921 


162 


20952 


20978 


21005 


21032 


21059 


21085 


21112 


21139 


163 


21219 


21245 


21272 


21299 


21325 


21352 


21378 


21405 


21431 


21458 


164 


21484 


21511 


21537 


21564 


21590 


21617 


21643 


21669 


216^ 


21722 


165 


21748 


21775 


21801 


21827 


21854 


21880 


21906 


21932 


21958 


21985 


166 


22011 


22037 


22063 


22089 


22115 


22141 


22167 


22194 


22220 


22246 


16r 


22272 


22298 


22324 


22350 


22376 


22401 


22427 


22453 


22479 


22505 


168 


22531 


22557 


22583 


22608 


22634 


22660 


22686 


22712 


22737 


22763 


169 
170 


22789 


22814 
23070 


22840 


22866 
23121 


22891 


22917 


22943 


22968 


22994 
23249 


23019 
23274 


23(^45 


23096 


23147 


23172 


23198 


23223 


in 


23300 


23325 


23350 


23376 


23401 


23426 


23452 


23477 
23729 


23502 


23528 


172 


23553 


23578 


23603 


23629 


23654 


23679 


23704 


23754 


237Z9 


i 173 


23805 


23830 


23855 


23880 


23905 


23930 


23955 


23980 


24005 


24030 


1174 


24055 


24080 


24105 


24130 


24155 


24180 


24204 


24229 


24254 


24279 


1 175 


24304 


24329 


24353 


24378 


24403 


24428 


24452 


24477 


24502 


24527 


176 


24551 


24576 


^ 2460 J 


24625 


24650 


24674 


24699 


24724 


24748 


24773 


m 


24797 


24822 


24846 


24871 


24895 


24920 


24944 


24969 


24993 


25018 


178 


25042 


25066 


25091 


25115 


25139 


25164 


25188 


25212 


25237 


25261. 


179 
180 


25285 


25310 


25334 
25575 


25358 
25600 


25382 


25406 
25648 


25431 

25672 


25455 


25479 


25503 
25744 


25527 


25551 


^25624 


25696 


25720 


181 


25768 


25792 


25816 


25840 


25864 


25888 


25912 


25935 


25959 


25983 


182 


26007 


26031 


26055 


26079 


26102 


26126 


26150 


26174 


26198 


26221 


183 


26245 


26269 


26293 


26316 


26340 


26364 


26387 


26411 


26435 


26458 


184 


26482 


26505 


26529 


26553 


26576 


26600 


26623 


26647 


26670 


26694 


185 


26717 


26741 


26764 


26788 


26811 


26834 


26858 


26881 


26905 


26928 


186 
187 


26951 


26975 


26998 


27021 


27045 


27068 


27091 


27114 


27138 


27161 


27184 


27207 


27231 


2r254 


27277 


27300 


27323 


27346 


27370 


27393 


188 


27416 


27439 


27462 


27485 


27508 


27531 


27554 


27577 


27600 


27623 


189 
190 


27646 


27669 
27898 


27692 


27715 
27944 


27738 


27761 


27784 
28012 


278O7 


27830 


2785^ 


27875 


27921 


'27967 


27989 


28035 


28058 


28081 


191 


28103 


28126 


28149 


28171 


28194 


28217 


28240 28262 


28285 


28307 


192 


28330 


28353 


28375 


28398 


28421 


28443 


28466 


28488 


28511 


28533 


193 


28556 


28578 


28601 


28623 


28646 


28668 


28691 


28713 


28735 


28758 


194 


28780 


28803 


28825 


28847 


28870 


28892 


28914 


28937 


28959 


28981 


195 


2900a 


29026 


29048 


29070 


29092 


29115 


29137 


29159 


29181 


292'i3 


196 


29226 


29248 


29270 


29292 


29314 


29336 


29358 


29380 


29403 


29425 


197 


29447 


29469 


29491 


29513 


29535 


29557 


29579 


296G1 


29623 


29645 


198 


29667 


29688 


29710 


29732 


29754 


29776 


29798 


29820 


29842 


29863 


199 
200 


29885 
30103 


29907 


29929 
30146 


29951 


29973 


29994 


30016 


30038 
30255 


30059 


30081 


30125 


30168 


30190 


30211 


30233 


30276 


30298 


201 


30320 


30341 


30363 


30384 


30406 


30427 


30449 


30471 


30492 


30514 


202 


30535 


^0557 


30578 


30600 


30621 


30642 


30664 


30685 


30707 


30728 


203 


30750 


30771 


30792 


30814 


30835 


30856 


30878 


S0899 


30920 


30942 


204 


30963 


30984 


31006 


31027 


31048 


31069 


31091 


31112 


31133 


31154 


(205 


31175 


31197 


31218 


31239 


31260 


31281 


31302 


31323 


31344 


31366 


206 


31387^ 


31408 


3H29 


31450 


31471 


31492 


31513 


31534 


31555 


31576 


207 


31597 


31618 


31639 


31660 


31681 


31702 


31723 


31744 


31765 


31785 


208 


31806 


31827 


31848 


31869 


31890 


31911 


31931 


31952 


31973 


31994 


209 
210 


32015 


32035 


32056 
32263 


32077 
32284 


32098 
32305 


32118 


32139 


32160 


32180 


32201 


32222 


321^43 


32325 


32346 


323^7 


32387 


32408 


211 


32428 


32449 


32469 


32490 


32510 


32531 


32552 


325:^ 


32|93 


32613 


212 


32634 


32654 


32674 


32695 


32715 


32736 


32756 


32777 


S?97 


32818 


213 


32838 


32858 


32879 


32899 


32919 


32940 


32960 


32980 33001 


33021 


214 


33041 


33062 


33082 


33102 


33122 


33143 


33163 


33183 ' 33203 


33234 


215 


33244 


33264 


33284 


83304 


33325 


33345 


33365 


33385 • 33405 


33425 


216 


33445 


33465 


33486 


33506 


33526 


33546 


33566 


33586 33606 


33626 


217 


33646 


33666 


336lte 


33706 


33726 


33746 


33766 


33786 33806 


33826 


218 


S3846 


33866 


33885 


33905 


33925 


33945 


33965 


33985 34005 


34025 


219 


34044 


34064 


34084 


34104 341241 34143 » 34163 J 


34183 34203 342231 



^V* 



Logarithms from i to 10^000. 



95 



232 






1 


2 


34242 


34262 


34282 


34439 


34459 


34478 


34635 


34655 


34674 


34830 


34850 


34869 


35025 


35044 


35064 


35218 


35237 


35257 


35411 


35430 


35449 


35603 


35622 


35641 


35793 


35812 


35832 


35983 
36173 


36002 


36021 
36210 


36192 


36361 


36380 


36399 


36549 


36567 


-36586 


36736 


36754 


36773 


36922 


36940 


36959 


37107 


37125 


37144 


37291 


37310 


37328 


37^75 


37493 


37511 


37658 


37676 


37694 


37840 


37858 


37876 
38057 


38021 


38039 


38202 


38220 


38238 


■38381 


38399 


38417 


38561 


38578 


38596 


38739 


38757 


32,775 


38917 


38934 


38952 


39093 


39111 


39129 


39270 


39287 


39305 


39445 


39463 


39480 


39620 
39794 


39637 


39655 


39811 


39829 


39967 


39985 


40002 


40140 


40157 


40174 


40312 


40329 


40346 


40483 


40500 


40518 


40654 


40671 


40688 


40824 


40841 


40858 


40993 


41010 


41027 


41162 


41179 


41196 


41330 

4J497 


41347 
41514 


41363 


41531 


41664 


41681 


41697 


41830 


41847 


41863 


41996 


42012 


42029 


42160 


42177 


42193 


42325 


42341 


42357 


42488 


4S504 


42521 


42651 


42667 


42684 


42813 


42830 


42846 


42975 
43136 


42991 


43008 


43152 


43168 


43297 


43313 


43329 


43457 1 


43473 


43489 


43616 


^36^2 


43648 


43775 


43791 


43807 


43933 


43949 


43965 


44091 


44107 


44122 


44248 


44264 


44279 


44404 


44420 


44436 


44560 


44576 


'44592 



T 



34301 
34498 
34694 
34889 

35083 
35276 
35468 
35660 
35851 
36040 

36229 
36418 
36605 
36791 
36977 
37162 
37346 
37530 
37712 
37894 

38075 
38256 
38435 
38614 
38792 
38970 
39146 
39322 
39498 
39672 

39846 
40019 
40192 
40363 
40535 
40705 
40875 
41044 
41212 
41380 

41547 
41714 
41880 
42045 
42210 
42374 
42537 
42700 
42862 
43024 

43185 
43345 
43505 
43664 
43823 
43981 
44138 
44295 
44451 
44607 



4 


5 


34321 
34518 
34713 
34908 
35102 
35295 
35488 
35679 
35870 
36059 


34341 
34537 
34^733 
34928 
35122 
353X5 
35507 
35698 
35889 
36078 


36248 
36436 
36624 
36810 
36996 
37181 
37365 
37548 
37731 
37912 


36267 
36455 
36642 
36829 
37014 
37199 
37383 
37566 
37749 
37931 


38093 
38274 
38453 
38632 
38810 
38987 
39164 
39340 
39515 
39690 


38111 

38292 

38471 

38650 

38828 

39005 

39182 

39357 

39553 

39707 

39881 

40054 

40226 

40398 

40569 

40739 

40909 

41078 

41246 

41414 


39863 
40037 
40209 
40381 
40552 
40722 
40892 
41061 
41229 
41397 


41564 
41731 
41896 
42062 
42226 
42390 
42553 
42716 
42878 
43040 

43201 
43361 
43521 
43680 
43838 
43996 
44154 
44311 
44467 
44623 


41581 
41747 
41913 
42078 
42243 
42406 
42570 
42732 
42894 
43056 

43217 
43377 
43537 
43696 
43854 
44012 
44170 
44326 
44482 
44638 



■— »- 



34360 
34557 
34752 
34947 
35141 
35334 
35526 
35717 
35908 
36097 

36286 
36474 
36661 
36847 
37033 
37218 
37401 
37585 
37767 
379491 

38130 
38310 
38489 
38668 
38846 
39023 
39199 
39375 
39550 
39724 

39898 
40071 
40343 
40415 
40586 
40756 
40926 
41095 
41263 
41430 

41597 
41764 
41929 
42094 
42259 
42423 
42586 
42749 
42911 
43072 

43233 
43393 
43553 
43712 
43870 
44028 
44185 
44342 
44498 
144654 

■ n* ■ 



34380 
34,577 
34772 
35967 
35160 
35353 
35545 
3573fS 
35927 
36116 

36305 

36493 

36680 
36866 

37651 
37236 
37420 
37603 
37785 
37967 



8 



38148 
38328 
38507 
386.85 
38863 
39040 
39217 
39393 
39568 
39742 

39915 
40088 
40260 
40432 
40603 
40773 
40943 

41111 

41280 

41447 

41614 
41780 
41946 
42111 
42275 
42439 
42602 
42765 
42927 
43088 

43249 
43409 
43568 
43727 
43886 
44044 
44201 
44358 
44514 
44669 



34400 
34596 
34791 
34986 
35180 
35372 
U5&i 
35755 

36946 
36135 

26324 
36511 
36698 
36884 
37070 
37254 
37438 
37621 
:i7803 
37985 

38166 
38346 
38525 
38703 
38881 
39058 
39234 
39410 
39585 
39759 

39933 
40106 
4Q278 
40449 
40620 
40790 
40960 
41128 
41296 
41464 

41631 
41797 
41962 
42127 
42292 
42455 
42619 
42781 
42943 
43104 

43265 
43425 
43584 
43743 
43902 
44059 
44217 
44373 
44529 
44685 



* 34420 
34616 
34811 
35005 
35199 
35392 
35583 
35774 
35965 
36154 



36342 

36530 

36717 

36903 

37088 

372731 

37457 

37639 

37822 

38003 

38184 
38364 
38543 
38721 
38899 
39076 
39252 
39428 
39602 
39777 
39950 
40123 
40295 
40466 
40637 
40807 
40976 
41145 
41313 
41481 

41647 
41814 
41979 
42144 
42308 
42472 
42635 
42797 
42959 
43120 



43281 
43441 
43600 
43759 

43917 
44075 
44232 
44389 
44545 
144700 



Logarithms from 1 to lO^UOO. 



Ko. 





1 


' 


3 


4 5 


6 


7 


8 


9 


2^ 


547l6 


44731 


4474-r 


44762 


44778 44793 


44809 


44m 


44840 


448 


281 


44871 


44B86 


44901 


44917 


44932 44948 


44963 


44979 


44994 


450 


282 


4502i 


45040 


43056 


45071 


45086 45102 


45117 


45133 


45148 


451 


3&3 


45179 


45194 


45209 


45225 


45240 ! 43355 


45271 


43286 


45301 


453 


2U4 


45333 


45347 


45362 


45378 


45393 i 45408 


45423 


45439 


45454 


43* 


283 


454S4 


45500 


45515 


43530 


45545 i 45561 


45576 


45591 


45606 


456: 


286 


45637 


45653 


43667 


43682 


45697:45712 


45738 


43743 


45758 


iST: 


287 


45788 


45803 


45818 


45834 


45849 


45864 


45879 


45894 


45909 


459; 


288 


45939 


45954 


45969 


45984 


46000 


46015 


46O30 


46045 


46060 


4S0: 


2«9 


46090 


46105 


46120 


46135 


46150 


46165 


46180 


46195 


46310 


4621 


390 


462-10 


46255 


4627U 


46283 


46300' 


4B3T5 


46330 


46344 


46359 


4«: 


291 


46389 


46404 


46419 


46434 


46449 


46464 


46479 


46494 


46308 


465S 


292 


46538 


46553 


46568 


46383 


46598 


46613 


46627 


46642 


46657 


466! 


293 


46687 


46702 


46716 


46731 


46746 


46761 


46776 


46790 


46805 


4685 


394 


46835 


46849 


46864 


46879 


46894 


46908 


46933 


46938 


46953 


469t 


295 


46982 


46997 


47012 


47026 


47041 


47056 




47085 


47100 


4711 


296 


47129 


47144 


47159 


47173 


47188 


47202 


47iI7 


47232 


47346 


47it 


29r 


47276 


47290 


473U5 


47319 


47334 


47349 


47363 


47378 


47392 


474( 


298 


47422 


47436 


47451 


47465 


4748U 


47494 


47510 


47323 


47538 


475i 


299 


47567 


47582 


47596 


47611 


47625 


^17640 


47654 


47669 


47683 


476< 


3O0 


47712 


47727 




47753 


47770 


47784 


47799 


47813 


47828 


475 


301 


47857 


47871 


47885 


47900 


47914 


47939 


47943 


47957 


47972 


479! 


302 


48001 


48015 


48029 


48044 


48058 


43073 


48087 


48101 


48116 


48i: 


303 


48144 


48159 


48173 


48187 


48303 


48316 


48230 


48344 


48259 


4821 


304 


4«287 


48302 


48316 


48330 


48344 


48359 


48373 


48387 


48401 


484- 


305 


48430 


48444 


48458 


48473 


48487 




48315 


48339 


48544 


485: 


306 


48572 


48586 


48600 


48615 


48639 


48643 


48657 


48671 


48685 


48700 


SOT- 


48714 


48728 


48742 


48736 


48770 


48784 


48799 


48813 


48837 


48841 


SOS 


48855 


48869 


48883 


48897 


48911 


48925 


48940 


48954 


4896a 


48983 


309 


48996 


49010 


49024 


4903B 


49053 


49066 


49080 


49U94 


49108 


49122 


310 


49136 


49156 


49164 


49178 


49192 


49206 


;9220 


4923* 


49248 


49262 


311 


49276 


49290 


49304 


49318 


49333 


49346 


49360 


49374 


49388 


49401 


312 


49415 


49429 


49443 


49457 


49471 


49485 


49499 


49513 


49527 


49541 


313 


49554 


4956H 


49582 


49596 


49610 


49624 


49638 


49651 


49665 


49679 


314 


49693 


49707 


49721 


49734 


49748 


49763 


49776 


49790 


49803 


49817 


315 


49831 


49845 


49859 


49872 


49886 


49900 


49914 .'49927 


49941 


49955 


316 


49969 


49983 


49996 


50010 


50024 


50037 


50051 1 50065 


50078 


50092 


Sir 


50106 


S0120 


50133 


30147 


50161 


50174 


50188 1 50202 


50315 


50229 


318 


50243 


50256 


50270 


30284 


50297 


50311 


50325 1 50338 


50333 


50365 


319 


50379 


50393 


50406 


50420 


50433 


50447 


50461 1 50474 


50488 


50501 


320 


50515 


50529 


50542 


50536 


50S69 


50583 


5U596 


5O610 


50633 


50M7 


321 


50650 


50664 


50678 


50691 


50705 


50718 


50733 


30745 


50759 


50772 


322 


50786 


50799 


50813 


50826 


50839 


50853 


50866 


5U8H0 


50893 


50907 


323 


50920 


50934 


50947 


30961 


50974 


50987 


51001 


51014 


51028 


51041 


324 


51054 


51068 


51081 


51095 


51108 


51121 


51135 


51148 


51162 


51175 


325 


51188 


51V02 


51215 


51238 


51242 


51355 


51258 


51383 


51295 


51308 


326 


51332 


51335 


51348 


51362 


51375 


51388 


51402 


51415 


5U38 


51441 


337 


51455 


51468 


51481 


51495 


51508 


51531 


51334 


51548 


51561 


51574 


328 


51587 


51601 


51614 


51627 


51640 


51653 


51667 


5168U 


51693 


51706 


329 


51730 


51733 


51746 


51759 


51772 


51785 


51799 


51813 


31825 


51838 


330 


51851 


51865 


5IB78 


51891 


51904 


51917 


51930 


31943 


Im6 


51970 


S3l 


51983 


51996 


52009 


52022 


52035 


5S04S 


52061 


52074 


52088 


52101 


332 


S21I4 


52127 


52140 52153 


52166 


52179 


52192 


52305 


52318 


53231 


333 


52244 


52257 


52270 


53383 


53397 


53310 


53323 


53336 


52349 


52362 


334 


52375 


52388 


52401 


32414 


52427 


52440 


53453 


32466 


52478 


52491 




52504 


52517 


33530 


52543 


32556 


52j09 


52582 


53593 


52608 


52621 




52634 


52647 


52660 


52673 


52686 


53698 


53711 


52724 


5273? 


52750 


337 


52763 


52776 


52789 


52803 




52827 


53840 


53853 


52866 


52879 


338 


52892 


53904 


53917 


52930 


52943 


53956 


52969 


52981 


53994 


53007 


339 


53030 '53033 ■53046 


53058 53071153084,53097 


53U0 53122 ■53135; 



Logarithms from 1 to 10,000. 



97 



<fc^ 



No. 



340 
341 
342 
343 
344 
345 
346 
347 
348 
349 

350 
351 
352 
353 
354 
355 
356 
357 
358 
359 



53148 
53275 
53403 
53529 
53656 
53782 
53908 
54033 
54158 
54282 



544U7 
54531 
54654 
54777 
54900 
55023 
55145 
55267 
55388 
55509 



[55630 
55751 



I 



360 

361 

362;55871 

363 

364 

365 

366 

867 
3(58 
369 



:55991 
56110 
•56229 
56348 

56467 

'56595 

— '56703 

370 '56820 

371 56937 
37? 57054 
373 57171 
37 ^57287 

375 57403 

376 57519 

377 57634 

378 57749 

379 57864 



380 
381 
382 
383 
384 
385 
386 

389 

o90 
391 
392 
393 
394 
395 
396 
397 
398 
399 



5797S 

58092 

58206 

.58320 

158433 

•58546 

58659 

58771 
58883 
!58995 

^59106 
'59218 
159329 
j 59439 
'59550 
i59660 
[59769 
'59879 
159988 
60097 



53161 
53288 
53415 
53542 
53663 
53794 
5392U 
54045 
54170 
54:95 



54419 
54543 
54667 
54790 
54913 
55035 
56157 
55279 
55400 
55522 

5564'J 
55763 
55883 
56003" 
56122 
56241 
56360 
5647S 
56597 
567 U 



568:12 
56949 
57(366 
57182 
57-;>99 
57415 
57530 
576^6 
57761 
57875 

57990 
58114 
58218 
58331 
58444 
58557 
58670 
58782 
53894 
59006 



59118 
59229 
59340 
59450 
59561 

59671 
59780 
59890 
59999 
60108 



53173 
53301 
53428 
53555 
53681 
53807 
53933 
54058 
54183 
54307 



54432 
54555 
54679 
5480 J 
54925 
55047 
55169 
55291 
55413 
55534 



55654 
55775 
55895 
56015 
56134 
56253 
56372 
56490 
56608 
567J6 

56844 
56961 
57078 
57194 
57310 
57426 
57542 
57657 
57772 
57887 



58001 
58115 
58229 
58343 
58456 
58569 
58681 
58793 
58906 
59017 



49129 
59240 
59351 
59461 
59572 
59b82 
59791 
59901 
60010 
60119 



^3186 
53314 
53441 
5356; 
53694 
55820 
53945 
54J70 
54195 
54320 



54444 
54568 
54691 
54814 
^4937 
55059 
55182 
55303 
55425 
55546 



55666 
557S7 
55907 
56027 
56146 
56265 
56384 
56502 
56620 
56738 



56855 
56972 
57089 
57206 
57322 
57438 
57553 
57669 
57784 
57898 

58013 
58127 
58240 
58354 
58467 
58580 
58692 
58805 
58917 
59028 



59140 
59251 
59362 
59472 
59583 
59693 
59802 
59:^12 
60021 
60130 



53199 
53326 
53453 
53380 
5:^706 
53832 
53958 
54083 
54208 
54332 



54406 
54580. 
54704 
54827 
54949 
5507^ 
55194 
55315 
55437 
55558 

55678 
55799 
55919 
56039 
56158 
56277 
5639S 
56514 
56632 
56750 



56867 
56984 
57101 
57217 
57334 
57449 
57565 
57680 
57795 
57910 

58U24 
58138 
58252 
58565 
58478 
58591 
58704 
58816 
58928 
59040 



59151 
59262 
59373 
59483 
59594 
59704 
59813 
59923 
60032 
60141 

IT" 



53212 
53339 
53466 
53593 
53719 
53845 
53970 
54095 
54220 
54345 

54469 
54593 
54716 
54839 
54962 
55084 
55206 
55328 
55449 
55570 

55690 
55811 
55931 
56050 
56170 
56289 
56407 
56526 
56644 
56761 

56879 
56996 
57113 
57229 
57345 
57461 
57576 
57692 
57807 
57921. 

58J35 
58149 
58263 

58377 
58490 
58602 
58715 
58827 
58939 
59051 



53224 

53352 

53479 

53605V 

53732 

53857 

53983 

54108 

54233 

54357 



39162 

59273 

59384 

59494 

59605 

59715 

69824 

59934 

60043 , 

60152! 



54481 
54605 
54728 
54851 
54974 
55096 
55218 

55340 
55461 

55582 

55703 
55823 
55943 
56062 
56182 
56301 
56419 
56538 
56655 
56773 

56890 
57008 
57124 
^7241 

57357 
57473 
57'588^ 
57703 
57818 
57933 



58U47 
58161 
58274 
58388 
58501 
58614 
58726 
58838 
58950 
59062 



59173 
59284 
59395 
5'^505 
59616 
59726 
59835 
59945 
60054 
60162 



53237 
53364 
53491 
53618 
53744 
53870 
5^995 
54120 
54245 
54370 
54494 
54617 
54741 
54863 
54986 
55108 
55230 
55352 
55473 
55594 



55715 
55835 
559^5 
56074 
56194 
56312 
56431 
56541/ 
56667 
56785 

56902 
57019 
57136 
57252 
57368 
57484 
576U0 
57715 
57829 
57944 

58U58 
58172 
58286 
'58399 
58512 
58625 
58737 
58850 
58961 
59073 



8 



59184 
59295 
59406 
59517 
59627 
597S7 
59846 
59956 
60065 
60173 



53250 
53277 
535U4 
53631 
53757 
53882 
54008 
54133 
54258 
54382 

54506 ■ 

54630 

54753 

54876 

54998 

55121. 

55242 

55364 

55485 

55606 1 

55727 
55847 
55©67 
56086 
56205 
56324 
56443 
56561 
56679 
56797 



56914 
57031 
57148 
57264 
57380 
57496 

57611 
57726 
57841 
57955 

58070 
58184 
58297 
58410 
58523 
58636 
58749 
58861 
58973 
59084 

59195 
59306 
59417 
59528 
59638 
59748 
59857 
59966 
60075 
60184 



53263 
53390 
53517 
53645 
53769 
53895 
54020 
54145 
5427O 
54394 

54518 
54642 
54765 
54888 
55011 
55133 
55255 
55376 

55497 
55618 

55739 

55859 

55979 

56098 

56217 

56336 

56455^ 

5657^ 

56691 

56808 

56926' 
57043 
57159 
57276 1 
57392 
57507 1 
57623 ! 
57758 \ 
57852 1 
57967 i 
58081 1 
,58195 
58309 
58422 
58535 
58647 
58760 
.58872 
58984 
59095 

59207 
59317 
59428 
59539 
59649 I 
59759 i 
59868.1 
59977 1 
60086 ' 
6OI95 i 



9S 



Loganthms from 1 to lO^OOQ. 



No. 

400 
401 
402 
403 
404 
405 
406 
407 
408 
409 

410 
411 
412 
413 
414 
415 
416 
417 
418 
419 

420 
421 
422 
423 
424 
425 
426 
427 
428 
429 

430 
431 
432 
433 
434 
435 
436 
437 
438 
439 

440 
441 
442 
443 
444 
445 
'446 
447 
448 
449 

450 
451 
452 
453 
454 
455 
456 
457 
458 
459 



S0206 
60314 
60423 
60530 
60638 
60746 
60853 
60959 
61066 
61172 

61278 
61384 
61490 
61595 
61700 
61805 
61909 
62014 
62118 
62221 

62325 
62428 
62531 
62634 
62737 
62839 
62941 
63043 
63144 
63246 



63347 
63448 
63548 
63649 
63749 
63849 
63949 
64048 
64147 
64246 

64345 

V/'X V MS M! 

64542 
64640 
64738 
64836 
64933 
65031 
65128 
65225 

65321 
65418 
65514 
65610 
65706 
65801 
65896 

65992 
66086 
66181 



60217 
60325 
60433 
60541 
60649 
60756 
60863 
60970 
61077 
61183 

61289 
61395 
6150Q 
61605 
^1710 
61815 
61920 
62024 
62128 
62232 



62335 
62438 
62541 
62644 
62747 
62849 
62951 

63053 
63154 
63256 

63357 
63458 
63558 
63659 
63759 
63859 
63959 
64058 
64157 
64256 

64355 
64454 
64552 
64650 
64748 
64846 
64943 
65040 
65137 
65234 



65331 
65427 
65523 
65619 
65715 
65811 
65906 
66001 
66096 
66191 



2 



60228 
60336 
60444 
60552 
60660 
60767 
60874 
60981 
61087 
61194 

61300 
61405 
61511 
61616 
61721 
61826 
61930 
62034 
62138 
62242 



62346 
62449 
62552 
62655 
62757 
62859 
62961 
63063 
631^5 
63266 

63367 
63468 
63568 
63669 
63769 
63869 
63969 
64068 
64167 
64266 



64365 
64464 
64562 
64660 
64758 
64856 
64953 
65050 
t 65147 
65244 

65341 
65437 
65533 
65629 
65725 
65820 
65915 
66011 
66105 
66200 



§0239 
60347 
60455 
60563 
60670 
60778 
60885 
60991 
61098 
61204 

61310 
61416 
61521 
61627 
61731 
61836 
61941 
62045 
62149 
62252 
62356 
62459 
62562 
62665 
62767 
62869 
63971 
63073 
63175 
63276 

63377 
63478 
6357S 
63679 
63779. 
63879 
63978 
64078 
64177 
64276 

64375 
64473 
64572 
64670 
64768 
64865 
64963 
65060 
65157 
65254 



65350 
65446 
f 65543 
65639 
65734 
65830 
65925 
66020 
66115 
66210 



60249 
60358 
60466 
60574 
60681 
60788 
60895 
61002 
61109 
61215 



61321 
61426 
61532 
61637 
61742 
61847 
61951 
62055 
62159 
62263 



62366 
62469 
62572 
62675 
62778 
52880 
62982 
63083 
63185 
63286 



63387 
63488 
63589 
63689 
63789 
63889 
63988 
64088 
64187 
64286 

64385 
64483 
64581 
64680 
64777 
64875 
64972 
65070 
65167 
65263 



65360 
65456 
65552 
65648 
65744 
65839 
65935 
66030 
66124 
66219 



60260 
60369 
60477 
60584 
60692 
60799 
60906 
61013 
61119 
61225 

61331 
61437 
61542 
61648 
61752 
61857 
61961 
62066 
62169 
62273 

62377 
62480 
62583 
62685 
62788 
62890 
62992 
63094 
63195 
63296 

63397 
63498 
635^9 
63699 
63799 
63899 
63998 
64098 
64197 
64296 

64395 
64493 
64591 
64689 
64787 
6488^ 
64982 
65079 
65176 
65273 

65369 
65466 
65562 
65658 
65753 
65849 
65944 
66039 
66134 
662291 



60271 
60379 
60487 
60595 
60703 
60810 
60917 
61023 
61130 
61236 

61342 
61447 
61553 
61658 
61763 
61868 
61972 
62076 
62180 
62283 

62387 
62490 
62593 
62696 
62798 
62900 
63002 
63104 
63205 
63306 



63407 
63508 
63609 
[63709 
63809 
63909 
64008 
64108 
64207 
64306 



64404 
94503 
64601 
64699 
64797 
64894, 
54992 
65089 
65186 
65283 



65379 
65475 
65571 
65667 
65763 
65858 
65954 
66049 
66143 
66238 



60282 
60390 
60498 
60606 
60713 
60820 
60927 
61034 
61140 
61247 

61352 

61458 
61563 
61669 
61773 
61878 
61982 
62086 
62190 
62294 

62397 
62500 
62603 
62706 
62808 
62910 
63012 
63114 
63215 
63316 

63417 
63518 
63619 
63719 
63819 
63919 
64018 
64118 
64217 
64316 

64414 
6451S 
64611 
64709 
64807 
64904 
65002 
65099 
65196 
65292 

65389 
65485 
65581 
65677 
65772 
65868 
65963 
66058 
66153 
66247 



8 



60293 
60401 
60509 
60617 
60724 
60831 
60938 
61045 
61151 
61257 

61363 
6146& 
61574 
61679 
61784 
61888 
61993 
62097 
6220.1 
62304 

62408 
62511 
62613 
62716 
62818 
62921 
63D22 
63134 
63225 
63327 

63428 
63528 
63629 
63929 
63839 
63929 
64028 
64128 
64227 
64325 



60304 

60412 

60520 

6062r 

60735 

60842 

60949 

61055 

61162 

61268 



61374 
«1479 
61584 
61689 
61794 
61B99 
62003 
62107 
62211 
62315 



62418 
62521 
62624 
62726 
63829 
62931 
63033 
63134 
63236 
63337 
63438 
63538 
63639 
63739 
63839 
63939 
64038 
64137 
64237 
64335 



64434 
64523 
64621 
64719 
64816 
64914 
65011 
65108 
65205 

65302 

65398 

65495 

65591 

65686 

65782 

65877 

65973 

66Q68I 

66162 

66257 



64434 
64532 
64631 
64728 
64826 
64924 
65021 
65118 
65215 
65312 

65408 
65504 
65600 
65695 
65792 
65887 
55982 
66077 
66172 
66266 



Logarithms from 1 to 10^000. 



99 



<•. 



No. 

460 
461 
462 
463 
464 
465 
466 
467 
468 
469 

470 
471 
472 
473 
474 
475 
476 
477 
478 
479 

480 
481 
482 
483 
484 
485 
486 
487 
488 
489 

490 
491 
492 
-1493 
494 
495 
496 
497 
498 
49^ 

500 
501 
502 
503 
504 
505 
506 
507 
508 
509 

510 
511 
512 
513 
514 
515 
516 
517 
518 
519 J 










6627S 

66370 
66464 
66558 
66652 
66745 
66839 
66932 
67025 
67117 



67210 
67302 
67394 
67486 
67578 
67669 
67761 
67852 
67943 
68034 



68124 
68214 
68305 
68395 
68485 
68574 
68664 
68753 
68842 
68931 

69020 
69108 
69196 
69285 
69373 
69460 
69548 
69636 
69723 
69810 



69897 
69984 
70070- 
70157 
70243 
70329 
70415 
70501 
70586 
70672 



70757 
70842 
70927 
71012 
71096 
71181 
71265 
71349 
71433 
7l5l7 



66285 

66379 

66474 

6^567 

66661 

66755 

66848 

66941 

67034} 

67127 



67219 

67311 

67403 

67495 

67587 \ 

67678 

67770 

67861 

67952 

68043 



68133 
68224 
68314 
68404 
68493 
68583 
68673 
68762 
68851 
68940 



69028 
69117 
60205 
69293 
69381 
69469 
69557 
69644 

69732 
69819 



69906 
69992 
70079 
70165 
70252 
70338 
70424 
70509 
70595 
70680 



70766 
70851 
70935 
71020 
71105 
71189 
71273 
71357 
71441 
71525 



2 



66295 
66389 
66483 
66577 
66670 
66764 
66857 
66950 
67043 
67136 



67228 
67321 
67413 
67504 
67596 
67688 
67779 
67870 
67961 
68052 



68142 
68233 
68323 
68413 
68502 
68592 
68681 
68771 
68860 
68949 



69037 
69126 
69214 
69302 
69390 
►69478 
69566 
69653 
69740 
69827 



69914 
70001 
70088 
70174 
70260 
70346 
70432 
70518 
70603 
70689 



707?4 
70859 
70944 
71029 
71113 
71198 
71282 
71366 
71450 
71533 



3 



66304 
66398 
66492 
66586 
f 66680 
66773 
66866 
66960 
67052 
67145 



67237 
67330 
67422 
67514 
67605 
67697 
67788 
67879 
67970 
68061 



68151 
68242 
68332 
68422 
68511 
68601 
68690 
68780 
68869 
68957 



69046 
69135 
69223 
69311 
69399 
69487 
69574 
69662 
69749 
69836 



69923 
70010 
70096 
70183 
70269 
70355 
70441 
70526 
70612 
70697 



70783 
70868 
70952 
71037 
71 122 
71206 
71290 
71374 
71458 
71542 



66314 
66408 
66502 
66596 
66689 
66783 
66876 
66969 
57062 
67154 



67247 
67339 
67431 
67523 
67614 
67706 
67797 
67888 
67979 
68070 



68160 
68251 
68341 
68431 
68520 
68610 
68699 
68789 
68878 
68966 



69055 
69143 
69232 
69320 
69408 
69496 
69583 
69671 
69758 
69845 



69932 
70018 
70105 
70191 
70277 
70364 
70449 
70535 
70621 
70706 

70791 
70876 
70961 
71046 
71130 
71214 
71^99 
71383 
71466 
71550 



66323 
66417 
66511 
66605 
66699 
66792 
66885 
66978 
67071 
67164 



67256 
67348 
67440 
67532 
67624 
67715 
67806 
67897 
67988 
68079 



68169 

68260 

68350 

68440 

68529 

68619] 

68708 

68797 

68886 

68975 



69064 
69152 
69241 
69329 
69417 
69504 
69592 
69679 
68766 
(59854 



69940 
70027 
70114 
70200 
70286 
70372 
70458 
70544 
70629 
70714 



70800 
70885 
70969 
71054 
71139 
71223 
71307 
71391 
71475 
71559 



6^32 

66427 
66521 
66614 
66708 
66801 
66894 
66987 
67080 
67173 



67265 
67357 
67449 
67541 
67633 
67724 
67815 
67906 
67997 
68088 



68178 
68269 
68359 
68449 
68538 
68628 

68717 
68806 
688951 
68984 



66342 
66436 
66530 
66624 

66717 
66811 

66904 
66997 
67089 
67182 



69073 
69161 
69249 
69338 
69425 

69513 
69601 

69688 
69775 
69862 

69949 

70036 

70122 

70209 

70295 

70381 

70466 

70552 j 

70638 

70723 

70.^08 
70893 
70978 
71062 
71U7 
7123i 
71315 

71399 
71483 
71567 



67274 
67367 
67459 
67550 
67642 
67733 
67825 
67916 
68006 
68097 

68187 
68278 
68368 
68458 
68547 
68637 
68726 
68815 
68904 
68993 



8 



69082 
69170 
69258 
69346 
69434 
69522 
69609 
69697 
69784 
69871 



66351 
^6445 
66539 
66633 
66727 
66820 
66913 
67006 
67099 
67191 



67:84 
67376 
67468 
67559 
67651 
67742 
67834 
67925 
68015 
68106 



69958 
70044 
70131 
70217 
70303 
70389 
70475 
70561 
70646 
70731 

70.il7 
70902 
70986 
71071 
71155 
71240 
71324 
71408 
71492 
7X575 



68196 
68287 
68377 
68467 
68556 
68646 
68755 
68824 
68913 
69002 



69090 
69179 
69267 
69355 
69443 
69531 
69618 
69705 
69793 
69880 

69966 
70053 
70140 
70226 
70312 
70398 
70484 
70569 
70655 
70740 



70825 
7091/) 
70995 
71079 
7H64 
71248 
71332 
71416 
71500 
71584 



9 

66361 
66455 
66549 
66642 
66736 
66829 
66922 
67015 
67108 
67201 

67293 
67385 
67477 
67569 
67660 
67752 

67843 
67934] 

68024 
68115 = 

68205 
68296 
68386 
68476 
68565 
6R655 
68744 
68833 
68922 
69011 

69099 
66188 
69276 
69364 
69452 
69539 

69627 
69714 

69801 
69888 

69975 

70062 

70148 

70234 

70321 

70406 

70492 

70578 

70663' 

70748 

70834 
70918 
71003 
71088 
71172 
71257 
71341 
71425 
71508 
71592 






100 



Logarithms ffom 1 to 10,000. 



No. 
520 





1 


2 


3 


4 


5 


6 


7 

71659 


8 . 


9 


716;>0 


71609 


71617 


71625 


71634 


71642 


71650 


71667 


71675 


521 


71684 


71692 


71700 


71709 


71717 


71725 


71734 


71742 


71750 


71759 


522 


71767 


71775 


71784 


71792 


71800 


71809 


71817 


71825 


71834 


71842 


5n 


71850 


71858 


71667 


71875 


71883 


71892 


71900 


71908 


71917 


71925 


524 


71933 


71941 


71950 


71958 


71966 


71975 


71983 


71991 


71999 


72008 


525 


72U16 


72024 


72032 


72041 


72049 


72057 


72066 


72074 


72082 


72090 


526 


72099" 


72107 


72115 


72123 


72132 


72140 


72148 


72156 


72165 


72173 


527 


72181 


72189 


7219» 


72206 


72214 


72222 


72230 


72239 


72247 


72255 


528 


72263 


72272 


72280 


72-288 


72296 


72304 


72313 


72321 


72329 


72337 


529 

530 


72346 
72428 


7i'354 

72436 


72362 
7244^ 


72370 


7237S 


72387 
72469 


72395 
72477 


72403 


72411 


72419 
72501 


72452 


72460 


72485 


72493 


53 i 


72509 


72518 


72>26 


72534 


72542 


72550 


72558 


72567 


72S75 


72583 


532 


72591 


72599 


72607 


72616 


72624 


72632 


72640 


72648 


72656 


72665 


533 


72673 


72681 


72689 


72697 


72705 


72713 


72722 


72730 


72738 


72746 


534 


72754 


72762 


72770 


72778 


72787 


72795 


72803 


72811 


72819 


72827 


535 


72S35 


72843 


72852 


72860 


72868 


72876 


72884 


72892 


72900 


72908 


536 


72916 


72925 


72933 


72941 


72949 


72957 


72965 


72973 


72981 


72989 


537 


72997 


73005 


73014 


73022 73030 


73038 


73046 


73054 


73062 


^73070 


538 


73078 


73086 


73094 


73102 


73110 


73119 


73127 


73135 


73143 


73151 


539 
540 


73159 
73239 


73167 


73175 
73255 


73183 
73263 


73191 

73272 


73199 

73280 


73207 


73215 


73223 


73231 


73247 


73288 


73296 


73304 


73312 


541 


73320 


73328 


73336 


73344 


73352 


73360 


73368 


73376 


73384 


73392 


542 


73400 


73408 


73416 


73424 


73432 


73440 


73448 


73456 


73464 


73472 


543 


73480 


73488 


73496 


73504 


73512 


73520 


73528 


73536 


73544 


73552 


544 


73560 


73568 


73576 


73584 


73592 


73600 


73608 


73616 


73624 


73632 


545 


73640 


73648 


73656 


73664 


73671 


73679 


73687 


73695 


73703 


73711 


546 


73719 


73727 


73735 


73743 


73751 


73759 


73767 


73775 


73783 


73791 


547 


73799 


73807 


73815 


73823 


73830 


73838 


73846 


73854 


73862 


73870 


548 


73878 


73886 


73894 


73902 


73910 


73918 


73926 


73933 


73941 


73949 


549 
550 


73957 


73965 


73975 
74052 


73981 
74060 


73989 


73997 
r4JJ76 


74005 

74084 


74013 
74091 


74020 


74028 
74107 


74036 


74044 


74068 


74099 


551 


74115 


741:3 


74131 


74139 


74147 


74155 


74162 


74170 


74178 


74186 


552 


74194 


74202 


74210 


74217 


74225 


74233 


74241 


74249 


74257 


74265 


553 


74272 


74280 


74288 


74296 


74304 


74312 


74320 


74327 


74335 


74343 


554 


74351 


74359 


74367 


74374 


74382 


74390 


74398 


74406 


74414 


74421 


555 


74429 


74437 


74445 


74453 


74461 


74468 


74476 


74484 


74492 


74500 


556 


74507 


74515 


74523 


74531 


74539 


74546 


74554 


74562 


74570 


74578 


557 


74585 


74593 


74601 


74609 


74617 


74624 


74632 


74640 


74648 


74656 


558 


74663 


74671 


74679 


74687 


74695 


74702 


74710 


7471& 


74726 


74733 


559 
560 


74741 


74749 
/'4827 


74757 
74834 


74764 


74772 
74850 


74780 
74858 


74788 


74796 


74803 


77811 
74889 


74819 


74842 


74865 


74873 


74881 


561 


74896 


74904 


74912 


74919 


74927 


74935 


74943 


74950 


74958 


74966 


562 


74974 


74981 


74989 


74997 


75004 


75012 


75020 


75028 


75035 


75043 


563 


75051 


75059 


75066 


75074 


75082 


75089 


75097 


75105 


75112 


75120 


564 


751v8 


75136 


75143 


75151 


75159 


75166 


75174 


75182 


75189 


75197 


565 


75205 


75212 


75220 


75228 


75236 


75243 


75251 


75259 


75266 


75274 


566 


75282 


75289 


7529/ 


75305 


75312 


75320 


75328 


75235 


75343 


75351 


567 


75358 


75366 


75374 


75381 


75389 


75397 


75404 


75412 


75420 


75427 


568 


75435 


75442 


75450 


754^8 


75465 


75473 


75481 


75488 


75496 


75504 


569 

570 


75511 

755S7 


75519 
75595 


75526 
75603 


75534 


75542 
7 56 IS 


75549 


75557 
75633 


75565 
7564; 


75572 


75580 


75010 


75626 


75648 


75656 


571 


75664 


75671 75679 


7568J) 


75694 


75702 


75709 


75717 


75724 


75732 


572 


75740 


7574^7 1 75755 


75762 


75770 j 75778 


757S5 


75793 


75800 


75808 


573 


75815 


75823-75831 


75838 


75846 1 75H53 


75861 


75868 


75876 


75884 


574 


75891 


75899 759UC 75914 


75921 \75929. 


73937 


75944 


75952 


75959 


575 


75967 


75974.7598^175989 


75997 : 76005 


76012 


76020 


76027 J 


76035 


576 


76042 


7605O 760Sr j 76065 


76072 76080 


76087 


76095 


76103 


76110 


577 


76318 


76125 76133 176140 
76200 7^208 176215 


76148 76155 


76163 


76170 


76178 


76185: 


578 


76193 


76223 76230 


75238 


76245 


76253 


76260: 


579 


76268 


76275 j 


76283 


76290 


76298 


76305 


76313 


76320 


76328 


76335 1 



Loga?ithms from 1 to 10^000. 



101 



No 



580 
581 
582 
583 
584 
.585 
586 
587 

588 
589 

590 
-591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 

610 
611 
612 
613 
614 
615 
616 
617 
618 
619 

6^0 
621 
622 
623 
624 

e'is 

626 
627 
628 
629 

630 
631 
632 
633 
634 
635 



ro 



76343 
76418 
76492 
76567 
76641 
76716 
76790 
76864 
76938 
77012 



li 



77085 
77159 
77232 
77305 
77379 
77452 
77525 
77597 
77670 
77743 
77815 
77887 
77960 
78032 
78104 
78176 
78247 
78319 
78390 
7846^ 

78533 
78604 
78675 
78746 
78817 
78887 
78958 
79028 
79099 
79169 

79239 
79309 
79379 
79449 
79518 
79588 
79657 
79727 
79796 
79865 

79934 
80003 
80072 
80140 
80209 
80277 

636 80346 

637 80414 
638/ 80482 
639 80550 



76350 

76425 
76500 
76574 
76649 
76723 
76797 
76871 
76945 
77019 

77093 
77166 
7723*^ 
77313 
77S86 
77459 
77532 
77605 
77677 
77750 

77822 
77895 
77967 
78039 
78111 
78183 
78254 
78326 
78397 
78469 

78540 
78611 
78682 
78753 
78824 
78895 
78965 
79036 
79106 
79176 

79246 
79316 
79386 
79456 
79525 
79595 
79664 
79734 
79803 
79872 

79941 
80010 
80079 
80147 
80216 
80284 
80353 
80421 
80489 

80557 



76358 
76433 
76507 
76582 
76656 
76730 
76805 
76879 
76953 
77026 

77100 
77173 
77247 
77320 
77393 
77466 
77539 
77612 
77685 
77757 

77830 
77902 
77974 
78046 
78118 
78190 
78262 
78333 
78405 
78476 

78547 
78618 
78689 
78760 
78831 
78902 
78972 
79043 
79113 
79183 
79253 
79323 
79393 
79463 
79532 
79602 
79671 
79741 
79810 
79879 

79948 
80017 
80085 
80154 
80223 
80291 
80359 
80428 
80496 
80564 



76365 
76440 
76515 
76589 
76664 
76738 
76812 
76886 
76960 
77034 

77107 
77181 
77254 
77327 
77401 
77474 
77546 
77619 
77692 
77764 

77837 
77909 
77981 
78053 
78125 
78197 
78269 
78340 
78412 
78483 

78554 
78625 
78696 
78767 
78838 
78909 
78979 
79050 
79120 
79190 

79260 
79330 
79400 
79470 
79539 
79609 
79678 
79748 

79817 
79886 

79955 
80024 
80092 
80161 
80229 
80298 
80366 
80434 
80502 
80570 



4 



76373 
76448 
76522 
76597 
76671 
76745 

76819 
76893 
76967 
77041 

77115 
77188 
77262 
77335 
77408 
77481 
77554 
776^ 
77699 
77772 

77844 
77916 
77988 
78061 

78132 
78204 
78276 
78347 
78419 
78490 

78561 
7863S 
78704 
78774 
78845 
78916 
78986 
79057 
79127 
79197 

79267 
79337 
79407 
79477 
79546 
79616 
79685 
79754 
79824 
79893 

79962 
80030 
80099 
80168 
80236 
80305 
80373 
80441 
80509 
80577 



7638Q 

76455 

76530 

76604 

76678 

76753 

76827 

76901 

76975 

77048 

77122 
77195 
77269 
77342 
77415 
77488 
77561 
77634 
77706 
77779 

77851 
77924 
77996 
78068 
78140 
78211 
78283 
78355 
78426 
78497 

78569 
78640 
78711 
787fil 
78852 
78923 
78993 
79064 
79134 
79204 

79274 
79344 
79414 
79484 
79553 
79623 
79692 
79761 
79831 
79900 

79969 
80037 
80106 
80175 
80243 
80312 
80380 
80448 
80516 
89584 



76388 
76462 
76537 
76612 
76686 
76760 
76834 
76908 
76982 
77056 

77129 
77203 
77276 
77349 
77422 
77495 
77568 
77641 
77714 
77786 

77859 
77931 
78003 
78075 
78147 
78219 
78290 
78362 
78433 
785Q4 

78576 
78647 
78718 
78789 
78859 
78930 
79000 
79071 
79141 
79211 

79281 
79351 
79421 
79491 
79560 
79630 
79699 
79768 
79837 
79906 



79975 
80044 
80113 
80182 
80250 
80318 
80387 
80455 

80523 
80591 



76395 
76470 
76545 
76619 
76693 
76768 
76842 
76916 
76989 
77063 



77137 
77210 
77283 
77357 
77430 
77503 
77576 
77648 
77721 
77793 
77866 
77938 
78010 
78082 
18154 
78226 
78t297 
78369 
78440 
78512 

78583 
78654 
78725 
78796 
78866 
78937 
79007 
79078 
79148 
79218 

79288 
79358 
79428 
79498 
79567 
79637 
79706 
79775 
79844 
79913 

79982 
80051 
80120 
80188 
80257 
80325 
80393 
80462 
80530 
80598 



8 



76403 
76477 
76552 
76626 
76701 
76775 
76849 
76923 
76997 
77070 

77144 
77217 
77291 
77364 
77437 
77510 
775S:i 
77656 
77728 
77801 



77873 
77945 
78017 
78089 
78161 
78233 
78305 
78376 
78447 
78519 

78590 
78661 
78732 
78803 
78873 
78944 
79014 
79085 
79155 
79225 

79295 
79365 
79435 
79505 
79574 
79644 
79713 
79782 
79851 
79920 

79989 
80058 

80127 
80195 
80264 
80332 
80400 
80468 
80536 
80604 



76410 

76485 
76559 
76634 
76708 
76782 
76856 
76930 
77004 
77078 

77151 
77225 
77298 
77371 
77444 
77517 
77590 
77663 
77735 
77808 

77880 
77952 
78025 
78097 
78168 
78240 
78312 
78383 
78455 
78526 

78597 
78668 
7^39 
78810 
78880 
78951 
79021 
79092 
79162 
79232 

79302 
79372 
79442 
79511 
79581 
79650 
79720 
79789 
79858 
79927 

79996 
80065 
80134 
80202 

80271 
80339 
80407 
80475 
80543 
80611 1 



IDS 



Logarithms from 1 to IO5OOO. 



No. 

640 
641 
642 
643 
644 
645 
646 
647 
648 
649 

650 
651 
652 
653 
654 
655 
656 
657 
658 
659 

660 
661 
662 
663 
664 
665 
666 
667 
668 
669 

670 
671 
672 
673 
674 
675 
676 
677 
^78 
679 

680 
681 

p682 
683 
684, 
685 
686' 
687 
-688 
689 

690 
691 

692 
693 
694 
695 
696 
697 
698 
699 







80618 
80686 
80754 
80821 
80889 
80956 
81023 
81090 
81158 
81224 

81291 
81358 
81425 
81491 
81558 
81624 
81690 

81757 
81823 
81889 

81954 
82020 
82086 
82151 
82217 
82282 
823.47 
82413 
82478 
82543 

82607 
82672 
82737 
82802 
82866 
82930 
82995 
83059 
93123 
83187 
83251 
83315 
83378 
83442 
83506 
83569 
83632 
83696 
83759 
83822 

83885 
83948 
84011 
84073 
84136 
84198 
84261 
84323 
84386 
84448 



80625 

80693 

807601 

80828 

80895 

80963 

81030 

810971 

81164 

81231 

81298 
81365 
82431 
81498 
81564 
81631 
81697 
81763 
81829 
81895 

81961 
82027 
82092 
82158 
82223 
82289 
82354 
82419 
82484 
82549 






82614 
82679 
82743 
82808 
82872 
82937 
83001 
83065 
83129 
83193 



80632 
80699 
80767 
80835 
80902 
80969 
81037 
81104 
81171 
81238 

81305 
81371 
81438 
81505 
81571 
81637 
81704 
81770 
81836 
81902 

81968 
82033 
82099 
82164 
822S0 
82295 
82360 
82426 
82491 
82556 

82620 
82685 
82750 
82814 
82879 
82943 
83008 
83072 
83136 
83200 



80706 
80774 
80841 
•80909 
80976 
81043 
81111 
81178 
81245 

81311 
81378 
81445 
81511 
81578 
81644 
81710 
81776 
81842 
81908 



83257 
83321 
83385 
83448 

83512 

83575 
83639 
83702 
83765 
83828 

83891 
83954 
84017 
84080 
84142 
84205 
84267 
84330 
84392 
184454 



83264 f 

83327 

83391 

83455 

83518 

83582 
83645 
83708 
83771 
83835 



83897 
83960 
84023 
84086 
84148 
84211 
84273 
84336 
84398 
84460 



81974 
82040 
82105 
82171 
82236 
82302 
82367 
82432 
82497 
82562 

82627 
82692 
82756 
82821 
82885 
82950 
83014 
83078 
83142 
83206 



4 



83270 
83334 
83398 
83461 
83525 
83588 
83651 
83715 
83778 
83841 

83904 

83967 
84029 
84092 
84155 
84617 
84280 
84342 
84404 
84466 



^)645 

80713 
80781 
80848 
80916 
80983 
81050 
81117 
81184 
81251 

81318 
81385 
81451 
81518 
81584 
81651 
8I7I7 
81783 
81849 
81915 

81981 
82046 
82112 
82178 
82243 
82308 
82373 
82459 
82504 
82569 



82633 
82698 
82763 
82827 
82892 
82956 
83020 
83085 
83149 
83213 



83275 
83340 
83404 
83467 
83531 
83594 
83658 
83721 
83784 
83847 



83910 
83973 
84036 
84098 
85161 
84223 
84286 
84348 
84410 
84473 



80652 
80720 
80787 
80855 
80922 
80990 
81057 
81124 
81191 
81258 

61325 
81391 
81458 
81525 
81591 
81657 
8I723 
81790 
81856 
81921 

81987 
82053 
82119 
82184 
82249 
82315 
82380 
82445 
82510 
82575 



82640 
82705 
82769 
82834 
82898 
82963 
83027 
83091 
83155 
83219 



80659 
80726 
807W 
80862 
80929 
80996 
81064 
81131 
81198 
81265 

81331 
81398 
81465 
81531 
81598 
81664 
81730 
81796 
81862 
81928 



81994 
82060 
82125 
82191 
82256 
82321 
82387 
82452 
82517 
82582 



83283 
83347 
83410 
83474 
83537 
83601 
83664 
83727 
83790 
83853 

83916 
83979 
84042 
84105 
84167 
84230 
84292 
84354 

84417 
184479 



82646 
82711 
82776 
82840 
82905 
82969 
83033 
83097 
83161 
83225 

83289 
83353 
83417 
83480 
83544 
83607^ 
83670 
83734 
83797 
83860 



83923 
83985 
84048 
84111 
84173 
84236 
84298 
84361 
84423 
84485 



80665 
80733 
80801 
80868 
80936 
81003 
81070 
81137 
81204 
81271 

81338 
81405 
81471 
81538 
81604 
81671 
8I737 
81803 
81869 
81935 

82OOD 
83066 
82132 
82197 
82263 
82328 
82393 
82458 
82523 
82588 

82653 
32718 
82782 
82847 
82911 
82975 
83040 
83104 
83168 
83232 

83296 
83359 
83423 
83487 
83550 
83613 
83677 
83740 
83803 
83866 

83929 
I 83992 
84055 
84117 
84180 
84242 
84305 
84367 
84429 
84491 



8 



80672 
80740 
80808 
80875 
80943 
81010 
81077 
81144 
81211 
81278 

81345 
81411 
81478 
81544 
81611 
1 81677 
81743 
81809 
81875 
81941 

82007 
82073 
82138 
82204 
82269 
82334 
82400 
82465 
82530 
82595 

82659 
82724 
62789 
82853 
82918 
82982 
83046 
83U0 
33174 
83238 

83302 
83366 
83429 
83493 
83556 
83620 
83683 
83746 
83809 
83872 

83935 
83998 
84061 
84123 
84186 
84248 
84311 
84373 
84435 
84497 



80679 
80747, 
80814 1 
80882 
80949 

81017 
81084 
81151 
81218 
81285 



81351 
81418 
81485 
81551 

81617 
81684 
81750 
81816 
81882 
81948 



82014 
82079 
82145 
82210 
82276 
82341 
82406 
82471 
82536 
82601 



82666 
82730 
82795 
82860 
82924 
82988 
83052 
83117 
83181 
83245 



83308 
83372 
83436 
83499 
83563 
83636 
83689 
83753 
83816 
83879 



83942 
84004 
84067 
84130 
84192 
84255 
84317 
84379 
84442 
84504 



LogarUlims from 1 to 10^000. 



lot 



No. 

700 
701 
702 
703 
704 
705 
706 
707 
1708 
70p 

710 
711 
712 
713 
714 
715 
716 
717 
718 
719 

720 
721 
722 

r23 

724 
725 
726 
727 
728^ 
729 

730 
731 
732 
733 
734 
735 
736 

737 
738 
739 

740 
741 
742 
743 
744 
745 
746 
747 
748 
749 

750 
751 
752 
753 
754 
755 
756 
757 
758 
759 





1 


2 


3 


4 


5 


6 


7 


8 


1 
9 


84510 
84572 
84634 
84696 
84757 
84819 
84880 
84942 
85003 
85065 

85126 
851S7 
85248 
85309 
85370 
85431 
85491 
85552 
85612 
85673 


84516 
84578 
84640 
84702 
84763 
84825 
84887 
84948 
85009 
85071 

85132 
85193 
85254 
85315 
85376 
85437 
85497 
85558 
85618 
85679 

85739 
85800 
85860 
85920 
85980 
86040 
86100 
86159 
86219 
86279 

86338 
86398 
86457 
86516 
86576 
86635 
86694 
86753 
86812 
86870 


84522 
84584 
84646 
84708 
84770 
84831 
84893 
84954 
85016 
85077 


84528 
84590 
84652 
84714 
84776 
84837 
84899 
84960 
85022 
85083 

85144 
85205 
85266 
85327 
85388 
85449 
85509 
85570 
85631 
85691 

85751 
85812 
85872 
85932 
85992 
86052 
86112 
86171 
86231 
86291 


845f35 
84597 
84658 
84720 
84782 
84844 
84905 
84966 
85028 
85089 


84541 
84603 
84665 
84726 
84788 
84850 
84911 
84973 
85034 
85095 


84547 
84609 
84671 
84733 
84794 
84856 
84917 
94979 
85040 
85101 


84553 
84615 
84677 
84739 
84800 
84862 
84924 
84985 
85046 
85107 

85169 
85230 
85291 
85352 
85412 
85473 
85534 
85594 
85655 
85715 


84559 
84621 
84683 
84745 
84807 
84868 
84930 
84991 
85052 
85114 

85175 
85236 
85297 
85358 
85418 
85479 
85540 
85600 
85661 
85721 


84566 
84628 
84689 
84751 
84813 
84874 
84936 
84997 
85058 
85120 


85138 
85199 
85260 
85321 
85382 
85443 
^85503 
85564 
85625 
85685 


85150 
85211 
85272 
85333 
85394 
85455 
85516 
85576 
85637 
85697 


85156 
85217 
85278 
85339 
85400 
85461 
85522 
85582 
85643 
85703 


85163 
85224 
85285 
85345 
85406 
85467 
85528 
85588 
85649 
85709 


85181 
85242 
85303 
85364 
85425 
85485 
85546 
85606 
85667 
85727 


85733 
85794 
85854 
85914 
85974 
86034 
86094 
86153 
86213 
86273 


85745 
85806 
85866 
85926 
85986 
86046 
86106 
86165 
86225 
86285 


85757 
85818 
85878 
85938 
85998 
86058 
86118 
86177 
86237 
86297 


85763 
85824 
85884 

85944 
86004 
86064 
86124 
86183 
86243 
86303 


85769 
85830 
85890 
85950 
86010 
86070 
86130 
86189 
86249 
86309 


85775 
85836 
85896 
85956 
86016 
86076 
86136 
86195 
86255 
86314 


85781 
85842 
85902 
85962 
86022 
86082 
86141 
86201 
86261 
86320 


85788 
85848 
85908 
85968 
86028 
86088 
86147 
86207 
86267 
86326 

86386 
86445 
86504 
86564 
86623 
86682 
86741 
86800 
86859 
86917 


86332 
86392 
86451 
86510 
86570 
86629 
86688 
86747 
86806 
86864 

86923 
86982 
87040 
87099 
87157 
87216 
87274 
87332 
87390 
87448 


86344 
86404 
86463 
86522 
86581 
86641 
86700 
86759 
86817 
86876 


86350 
86410 
86469 
86528 
86587 
86646 
86705 
86764 
86823 
86882 


86356 
86415 
86475 
86534 
86593 
86652 
867U 
86770 
86829 
86888 

86947 
87005 
87064 
87122 
87181 
87239 
87297 
87355 
87413 
87471 


86362 
86421 
86481 
86540 
86599 
86658 
86717 
86776 
86835 
86894 


86368 
86427 
86487 
86546 
86605 
86664 
86723 
86782 
86841 
86900 


86374 
86433 
86493 
86552 
86611 
86670 
86729 
86788 
86847 
86906 


86380 
86439 
86499 
86558 
86617 
86676 
86735 
86794 
86853 
86911 

86970 
87029 
87087 
87146 
87204 
87262 
87320 
87379 
87437 
87495 


86929 
86988 
87046 
87105 
87163 
87221 
87280 
87338 
87396 
87454 


86935 
86994 
87052 
87111 
87169 
87227 
87286 
87344 
874Q2 
87460 


86941 
86999 
87058 
87116 
87175 
8r233 
87291 
87349 
87408 
87466 

8752S 
87581 
87639 
87697 
87754 
87812 
87869 
87927 
87984 
88041 


86953 
87011 
87070 
87128 
87186 
87245 
87303 
8736(1 
87419 
87477 


86958 
87017 
87075 
87134 
87192 
87251 
87309 

87367 
87425 
87483 

86541 
87599 
87656 
87714 
87772 
87829 
87887 
87944 
88001 
88058 


86964 
87023 
87081 
87140 
87198 
87256 
87315 
87373 
87431 
87489 


86976 
87035 
87093 
87151 
87210 
87268 
87326 
87384 
87442 
87500 


87506 
87564 
87622 
87679 
H7737 
87795 
87852 
87910 
87967 
88024 


87512 
87570 
87628 
87685 
87743 
87800 
87858 
-87915 
87973 
88030 


87518 
87576 
87633 
87691 
87749 
87806 
87864 
879?1 
87978 
88036 


87529 
87587 
87645 
87703 
87760 
87818 
87875 
87933 
87990 
88047 


87535 

87593 

87651 

87708 

87766 

87823. 

87881 

87938 

87996 

88053 


87547 
87604 
87662 
87720 
87777 
87835 
87892 
87950 
88007 
88064 


87552 
87610 
87668 
87726 
87783 
87841 
87898 
87955 
88013 
88070 


87558 
87616 
87.674 
87731 
87789 
87846 
87904 
87961 
88018 
88076 



404 



Logarithms from 1 to 10,000. 





No. 
760 





1 


2 


3 


4 


5 


6 


7 


8 


9 




88081 


88087 


88093 


88098 


88104 


88U0 


88116 


88121 


88127 


88133 




761 


88138 


88144 


88150 


88156 


88161 


88167 


88173 


88178 


88184 


88190 




762 


58195 


88201 


88207 


88l>13 


88218 


88224 


88230 


88235 


88241 


88247 




76^ 


88252 


88258 


88264 


88270 


88275 


88281 


88287 


88292 


88298 


88304 




764 


88309 


88315 


88321 


88326 


88332 


88338 


88343 


88349 


88355 


88360 




763 


88366 


88372 


88377 


88383 


88389 


88395 


88400 


88406 


88412 


88417 




766 


88423 


88429 


88434 


88440 


88446 


88451 


88457 


88463 


88468 


88474 




767 


88480 


88485 


88491 


88497 


88502 


88508 


88513 


88519 


88525 


88530 




768 


88536 


88542 


88547 


88553 


88559 


88564 


88570 


88576 


88581 


88587 




769 

770 


88593 


88598 
88650 


88604 


'88610 
88666 


.88615 

88672 


88621 
88677 


88627 
88683 


88632 


88638 
88694 


88643 




b8649 


88660 


88689 


88700 




771 


88705 


88711 


88717 


88722 


88728 


88734 


88739 


88745 


88750 


88756 




772 


88762 


88767 


88773 


88779 


88784 


88790 


88795 


88801 


88807 


88812 




773 


88818 


88824 


88829 


88835 


88840 


88846 


88852 


88857 


88863 


88868 




774 


88874 


8888U 


88885 


88891 


88897 


88902 


88908 


88913 


88919 


88925 




775 


88930 


88936 


88941 


88947 


88953 


88958 


88964 


88969 


88975 


88961 




776 


88986 


88992 


88997 


89003 


89009 


89014 


89020 


89025 


89031 


89037 




777 


89042 


89048 


89053 


89059 


89064 


89070 


89076 


89081 


89087 


89092 




778 


89098 


89104 


89109 


89115 


89120 


89126 


89131 


89137 


89143 


89148 




779 
780 


89154 
89209 


89159 
89215 


89165 


89170 


89176 
89232 


89182 


89187 


89193 


89198 


89204 




89221 


89226 


89^-37 


89243 


89248 


89254 


89260 


V 


781 


89265 


89271 


892X6 


89282 


89287 


89293 


89298 


89304 


89310 


89315 




783 


89321 


89326 


89332 


89337 


89343 


89348 


89354 


89360 


89365 


89371 




783 


89376 


89382 


89387 


89393 


89398 


89404 


89409 


89415 


89421 


89426 




784 


89432 


89437 


89443 


89448 


89454 


89459 


89465 


8^470 


89476 


89481 




785 


89487 


89492 


89498 


89504 


89509 


89515 


89520 


89526 


89531 


89537 




786 


89542 


89548 


89553 


89559 


89564 


89570 


89575 


89581 


89586 


89592 




787 


89597 


89603 


89609 


89614 


89620 


89625 


89631 


896S6 


89642 


89647 




788 


89653 


89658 


89664 


89669 


89673 


85680 


89686 


89691 


,89697 


89702 




789 
790 


89708 


89713 
89768 


89719 


89724 
89779 


89730 
89785 


89735 
89790 


89741 


89746 
89801 


89752 


89757 




89763 


89774 


89796 


89807 


89812 




791 


89818 


89823 


89829 


•89834 


89840 


89845 


89851 


89856 


89862 


89867 




792 


89873 


89878 


89883 


89889 


89894 


89900 


89905 


89911 


89916 


89922 




793 


89927 


89933 


89938 


89944 


89949 


89955 


89960 


89966 


89971 


8997r 




794 


89982 


89988 


89993 


89998 


90004 


90009 


90015 


90020 


90026 


90031 




795 


90037 


90042 


90048 


90053 


90059 


90064 


90069 


90075 


90080 


90086 




796 


90091 


90097 


90102 


90108 


90113 


90119 


90124 


90129 


90135 


90140 




797 


90146 


90151 


90157 


90162 


90168 


90173 


90179 


90184 


90189 


90195 




798 


9020O 


90206 


90211 


90217 


90222 


90227 


90233 


90238 


90244 


90249 


V 


799 

800 


90255 
90309 


90J60 
90314 


90266 


90271 
.90325 


90276 
90331 


90282 
90336 


90287 
90342 


90293 


90298 


90304 


\ . 


90320 


90347 


90352 


90358 




801 


9036S 


90369 


90374 


90380 


90385 


90390 


90396 


90401 


90407 


90412 




802 


90417 


90423 


90428 


90434 


90439 


90445 


90450 


90455 


90461 


90466 




803 


90472 


90477 


90482 


90488 


90493 


90499 


90504 


90509 


90515 


90520 




804 


90526 


90531 


90536 


90542 


90547 


90553 


90558 


90563 


90569 


90574 




805 


90580 


90585 


90590 


90596 


90601 


90607 


90612 


90617 


90623 


90628 




806 


90634 


90639 


90644 


90650 


90655 


90660 


90666 


90671 


90677 


90682 




807 


^90687 


90693 


90698 


90703 


90709 


90714 


90720 


90725 


90730 


90736 




808 


90741 


90746 


90752 


90757 


90763 


90768 


90773 


90779 


90784 


90789 




809 
810 


90795 


90800 
90854 


90806 


90811 


90816 


90822 


90827 
90881 


90832 


90838 


90843 
90897 




90849 


90859 


90865 


90870 


9G875 


90886 


90891 




811 


90902 


90907 


90913 


90918 


90924 


90929 


90934 


90940 


90945 


90950 




812 


90956 


90961 


90966 


90972 


90977 


90982 


90988 


90993 


90998 


91004 




813 


91009 


91014 


91020 


91025 


91030 


91036 


91041 


91046 


91052 


91057 




814 


91062 


91068 


91073 


91078 


91084 


91089 


91094 


91100 


91105 


91110 




815 


91116 


91121 


91126 


91132 


91137 


91142 


91148 


91153 


91158 


91164 




816 


91169 


91174 


91180 


91185 


91190 


91196 


91201 


91206 


91212 


91217 




817 


91222 


91228 


91233 


91238 


91243 


91249 


91254 


91259 


91265 


91270 




818 


91275 


91281 


91286 


91291 


91297 


91302 


91307 


91312 


91318 


91323 




■819 


91328 


91334 


91339 


91344 1 


91350 1 


91355 


91360 


91365 


91371 


91376 \ 



Logarithms^ from 1 to 10^000. 
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No. 



82U 
821 
822 
82.> 
824 
[S25 
826 
827 
828 
8^ 

8331 
«32 
833 
834 
835 
836 
,83/ 
1838 
I 839 

840 
841 
842 
843 
844 
845 
846 
847 
848 
849 

850 
851 
852 
853 
854 
855 
856 
857 
858 
859 

860 
861 
862 
863 
864 
865 
866 

867 
868 
869 

870 

871 

872 

873 

1874 

875 

876 

877 

1878 

1879 



91381 
914J4 
91487 
91540 
91593 
91645 
91698 
91751 
91803 
91855 

91908 
91960 
92012 
92065 
92117 
92169 
92221 
92273 
92324 
92376 



92428 
9248<J 
92531 
92583 
92634 
92686 
92737 
92788 
9284« 
92891 



92942 
92993 
93044 
93095 
93146 
93197 
93247 
93298 
93349 
93399 

03450 
93500 
93551 
93601 
93651 
93702 
93752 
93802 
93852 
93902 



93952 
94002 
94052 
94101 
94151 
94201 
94250 
94300 
94349 
94399 



91387 
91440 
91492 
91545 
91598 
91651 
91703 
91756 
91808 
91861 



91913 
91965 
92018 
92070 
92122 
92174 
92226 
92278 
92330 
92381 

92433 
92485 
92536 
92588 
92639 
92691 
92742 
92793 
92845 
92896 

92947 
92998 
93049 
93100 
93151 
93202 
93252 
93303 
93354 
93404 

93455 
93505 
93556 
93606 
93656 
93707 
93757 
93807. 
93857 
93907 

93957 
94007 
94057 
94106 
94156 
94206 
94255 
94305 
943S4 
94404 



91392 

91445 

91498 

91551 

91603 

91656 

91709 

91761 

91814 

91866 

91918 
91971 
92023 
92075 
92127 
92179 
92231 
92283 
92335 
92387 

924j8 
92490 
92542 
92593 
92645 
92696 
92747 
92799 
92850 
92901 

92952 
93003 
93054 
93105 
93156 

93207 
93258 
93308 
93359 
93409 

93460 
93510 
93561 
93611 
93661 
93712 
93762 
93812 
93862 
93912 

93962 
94012 
94062 
94111 
94161 
94211 
94260 
94310 
94359 
94409 



n 
O 



91397 
91450 
91503 
91556 
91609 
91661 
91714 
91766 
91819 
91871 

91924 
91976 
92028 
92080 
92132 
92184 
92236 
92288 
92340 
92392 



4 



92443 
92495 
92547 
9J598 
92650 
92701 
92752 
92804 
92855 
92906 

92957 
93008 
93059 
93110 
93161 
93212 
93263 
93313 
93364 
93414 

93564 
93515 
93566 
93616 
93666 
93717 
93767 
93817 
93867 
93917 

93967 
94017 
94067 
94116 
94166 
94216 
94265 
94315 
94364 
94414 



91403 
91455 
91508 
91561 
91614 
91666 
91719 
91772 
91824 
91876 

91929 
91981 
92033 
92085 
92137 
92189 
92241 
92293 
92345 
92397 

92449 
92500 
92552 
92603 
92655 
.92706 
92758 
92809 
92860 
92911 



92962 
93013 
93064 
93115 
-93166 

93217 
93268 
93318 
93369 
93420 

93470 
93520 
93571 
93621 
93671 
93722 
93772 
93823 
93872 
93922 

93972 
94022 
94072 
94121 
94171 
94221 
94270 
94320 
94369 
94419 



91408 
91461 
91514 
91566 
91619 
91672 
91724 
91777 
91829 
91882 

91934 
91986 
92038 
92091 
92143 
92195 
92247 
92298 
92350 
92402 



92454 
92505 
92557 
92609 
92660 
92711 
92763 
92814 
92865 
92916 

92967 
93018 
93069 
93120 
93171 
93222 
93273 
93323 
93374 
93425 



93475 
93526 
93576 
93626 
93676 
93727 
93777 
93827 
93877 
93927 

93977 
94027 
94077 
94126 
94176 

94226 
94275 
94325 
94374 
94424 



91413 
91466 

91519 

91572 

, 91624 

• 91677 

I 91730 

91782 

91834 

9188/ 

91939 
91991 
92044 
92096 
92148 
92200 
92252 
92304 
92355 
92407 

92459 
92511 
92562 
92614 
92665 
92716 
92768 
92819 
92870 
92921 

92973 
93024 
93075 
93iJ25 
93176 
93227 
93278 
93328 
93379 
93430 

93480 
93531 

934l$l 
93631 
93682 
93732 
93782 
93832 
93882 
93932 

93982 
94032 
94082 
,94131 
94181 
94231 
94280 
94330 
94379 
94429 



91418 
91471 
91524 
91577 
91630 
91682 
91735 
91787 
91840 
9 1892 

91944 
91997 
92049 
92101 
92153 
92205 
92257 
92309 
92361 
92412 

92464 
92516 
92567 
92619 
9i670 
92722 
92773 
92824 
92875 
92927 

92978 
93029 
93080 
93131 
93181 
93232 
93283 
93334 
93384 
93435 



93455 
93536 
93586 
93636 
93687 
93737 
93787 
93837 
93887 
93937 



93987 

94037 
94086 

94136 
94186 
94236 
94285 
94335 
94384 
94433 



8 



91424 
91477 
91529 
91582 
91635 
91687 
91740 
91793 
91845 
91897 

i^l950 
92002 
92054 
92106 
92158 
92210 
92262 
92314 
92366 
92418 



92469 
92521 
^2572 
92624 
92675 
92727 
92778 
92829 
92881 
92932 

92983 
93034 
93085 
93136 
93186 
93237 
93288 
93339 
93389 
^3440 

93490 
93541 
93591 
93641 
93692 
93742 
93792 
93842 
93892 
93942 



93992 
94042 
94091 
94141 
94191 
94840 
94290 
94340 
94389 
94438 



9-^ 

91429 
91482 
91535 
91587 
91640 
91693 
91745 
91798 
91850 
91903 

91955 
92007 
92059 
92111 
92163 
92215 
92267 
92319 
92371 
92423 

92474 
92526 
92578 
92629 
92681 
92732 
92783 
92834 
92886 
92937 

92988 

93039 

93090 

93141 

9319J 

935 

93293 

93344 

93394 

93445 

93495 
93546 
93596 
93646 
93697 
93747 
93797 
93847 
93897 
93947 

93997 
94047 
94096 
94146 
64196 
94245 
94295 
94345 
94394 
94443 



J192 

J24? 






i«*i«* 



uil.-. 



106 



Logarithms from 1 to 10,000. 



No.l 

880 





1 


2 


3 


4 


5 


6 


7 


8 


9 


t 


94448 


94453 


94458 


94463 


94468 


94473 


94478 


94483 


94488 


944S>3 t 


881 


94498 


94503 


94507 


94512 


94517 


94522 


94527 


94532 


94537 


9454^ \ 


882 


94547 


94552 


94557 


94562 


94567 


94371 


94576 


94581 


94586 


94591 f 


883 


94596 


94601 


94606 


94611 


84616 


94621 


94626 


94630 


94635 


94640/ 


.884 


94645 


94650 


94655 


94660 


94665 


94670 


94675 


94680 


94685 


94689/ 


885 


94694 


94699 


94704 


94709 


94714 


94719 


94724 


94729 


94734 


94738 ; 


886 


94743 


94748 


94753 


94758 


94763 


84768 


94773 


94778 


94783 


94787- ? 


887 


94792 


94797 


94802 


94607 


94812 


94817 


94822 


94827 


94832 


94836^ 


888 


94841 


94846 


94851 


94856 


94861 


94866 


94871 


94876 


84880 


94885/ 
94934 } 


889 
890 


94890 


94895 


94900 
94949 


94905 


949IU 


94915 
94963 


94919 
94968 


94924 


94929 
94978 


94939 


94944 


94954 


94959 


94973 


94983 f 


891 


94988 


94993 


94998 


95002 


95007 


95012 


95017 


95022 


95027 


95032] 


892 


95036 


95041 


95046 


95051 


95056 


95061 


95066 


95071 


95075 


950801 


893 


95085 


95090 


95095 


95100 


95105 


95109 


85114 


95119 


95124 


95129 


I 


894 


95134 


95139 


95143 


95148 


95153 


95158 


95163 


95168 


95173 


95177 




895 


95182 


95187 


95192 


95197 


95202 


95207 


95211 


95216 


95221 


95226 




896 


95231 


93236 


95240 


95245 


95250 


95255 


95260 


95265 


95270 


9527^ 




897 


95279 


95284 


95289 


95294 


95299 


95303 


95308 


95313 


95318 


95323 




898 


95328 


95332 


95337 


95342 


95347 


95352 


95357 


95361 


95366 


95371 


\ 


899 
900 


95376 


95381 


95386 


95390 


95395 


95400 
95448 


95405 
95453 


96410 
95458 


95415 


95419! 

1 


96424 


95429 


95434 


95439 


95444 


95463 


95468 ! 


901 


95472 


95477 


95482 


95487 


95492 


95497 


95501 


95506 


95511 


95516! 


902 


95521 


95525 


95530 


95535 


95540 


95545 


95550 


95554 


95559 


955641 


903 


95569 


95574 


95578 


95583 


95588 


95593 


95598 


95602 


95607 


95612 


904 


95617 


95622 


95626 


95631 


95636 


95641 


95646 


95650 


95655 


95660] 


905 


95665 


95670 


95674 


95679 


95684 


95689 


956y4 


S5698 


957OZ 


95708 \ 


906 


95713 


95718 


95722 


95727 


95732 


957'o7 


95742 


95746 


95751 


95756X 
95804f 


907 


95761 


95766 


95770 


95775 


95780 


95785 


95789 


95794 


95799 


908 


95809 


95813 


95818 


95823 


95828 


95832 


95837 


95842 


95847 


95852 




9o9 
910 


95856 


95861 


95866 


95871 


95875 


95880 
9a928 


95885 
95933 


95890 
95938 


95895 
95942 


95899 




95904 


959u9 


95914 


95918 


96923 


95947 


911 


95952 


95957 


95961 


95966 


95971 


95976 


95980 


95985 


95990 


95995 


912 


95999 


96004 


96009 


96014 


96019 


96023 


96028 


9eOo3 


96038 


96042 


913 


96047 


96052 


96057 


96061 


96066 


96071 


96076 


96080 


96085 


96090^ 


914 


96u95 


96099 


96104 


96109' 


96114 


96118 


96123 


96128 


96133 


96137 




915 


96142 


96147 


96152 


96156 


96161 


96166 


96171 


96175 


96180 


97185 




916 


96190 


96194 


96199 


96204 


96209 


96213 


96218 


96223 


96227 


96232 




917 


96237 


96242 


96246 


96251 


96256 


96261 


96265 


96270 


96275 


96280 




918 


96284 


96289 


96294 


96298 


96303 


96308 


96313 


96317 


96322 


96327 




919 
9:J0 


96332 
96379 


.96336 


96341 


96346 
96393 


96350 
96398 


96-^55 
96402 


96360 
96407 


96365 
96412 


96369 


96374 
96421 




96384 


96388 


96417 




921 


96426 


96431 


96435 


96440 


96445 


96450 


96454 


96459 


96464 


96468 




922 


96473 


96478 


964^ 


96487 


96492 


96497 


96501 


96506 


96511 


96515 




923 


96520 


96525 


96530 


96534 


96539 


96544 


96548 


96553 


95558 


96562' 




924 


96567 


96572 


96577 


96581 


96586 


96591 


96595 


96600 


96605 


96609 




925 


96614 


96619 


96624 


96628 


96633 


96638 


96642 


96647 


96652 


96656 




926 


96661 


96666 


96670 


96675 


96680 


96685 


96689 


96694 


96699 


96703 




927 


96708 


96713 


96717 


96722 


96727 


96731 


96736 


96741 


96745 


96750 




928 


96755 


96759 


96764 


96769 


96774 


96778 


96783 


96788 


96792 


96797 




929 
930 


96802 


96806 


96811 


96816 


96820 


96825 


96830 
, 96876 


96834 


96839 
96886 


96844 




96848 


96853 


96858 


96g62 


96867 


96872 


96881 


96890 




931 


96895 


96900 


96904 


96909 


96914 


96918 


96923 


96928 


96932 


96937 




932 


96942 


96946 


96951 


96956 


96960 


96965 


96970 


96974 


96979 


96984 




933 


96988 


96993 


96997 


97002 


97007 


97011 


97016 


97021 


97025 


97030 




934 


97035 


97039 


97044 


97049 


97053 


97058 


97063 


97067 


970r2 


97077 




935 


97081 


97086 


97090 


97095 


97100 


97104 


97109 


97114 


97118 


97123' 




936 


97128 


97132 


97137 


97142 


97146 


97151 


97155 


97160 


97165 


97169 




937! 97174 


97179 


97183 


97188 


97192 


97197 


97202 


97206 


97211 


97216 




938 : 97220 


97225 


97230 


97234 


97239 


97243 


97248 


97253 97257 


97262 


5^39 i 97267 


97271 


97276 


97280 1 97285 97290 


97294 


97299 


97304 


97308 








Logarithms from 1 to 10^000. 



10 



No. 

940 
941 
94' 
943 
944 
945 
946 
947 
948 
949 

950 
951 
952 

953 
954 
955 
956 
957 
958 
959 

960 
961 
962 
963 
964 
965 
966 
^1967 
968 
l969 

970 
971 
972 
973 
974 
975 
I 976 
977 
978 
979 







*• 



97313 
97359 
97405 
97451 
97497 
97543 
97589 
97635 
97681 
97727 



980 
981 
982 
983 
984 
985 
986 
987 
988 
989 



97772 
97818 
97864 
97909 
97955 
98000 
98046 
98091 
98137 
98182 

98227 
98272 
98318 
98363 
98408 
98453 
98498 
985^13 
98588 
98632 

98677 
98722 
98767 
"98811 
98856 
98900 
98945 
98989 
99034 
99078 



99123 
99167 
99211 
99255 
199300 
99344 
99388 
99432 
99476 
99520 



990] 

991 

992 

993 

994 j 

995 

996 

997 

998 

999 



97317 
97364 
97410 
97456 
97502 
97548 
97594 
97640 
97685 
97731 



97777 
97823 
97868 
97914 
97959 
98005 
98050 
98096 
98141 
98186 

98232 
98277 
98322 
98367 
98412 
98457 
98502 
98547 
98592 
98637 



99564 
99607 
99651 
99695 
99739 
99782 
99826 
99870 
99913 
99957 



98682 
98726 
98771 
98816 
98860 
98905 
98949 
98994 
99038 
99083 

99127 
99171 
99216 
99260 
99304 
99348 
99392 
99436 
99480 
99524 

! 99568 

1 99612 

99656 

199699 

: 99743 

99787 

99830 

99874 

99917 

99961 



97322 
97368 
97414 
97460 
97506 
97552 
97598 
97644 
97690 
97736 

97782 
97827 
97873 
97918 
97964 
98009 
98055 
98100 
98146 
98191 

98236 
98281 
98327 
98372 
98417 
98462 
98507 
98552 
98597 
98641 

98686 
98731 
98776 
98820 
98865 
98909 
i98954 
98998 
99043 
99087 

99131 
99176 
99220 
99264 
99308 
99352 
99396 

99441 
99484 
99528 

99572 
99616 
99660 
99704 
99747 
99791 
99835 
99878 
99922 
99965 



97373 
97419 
97465 
97511 
97557 
97603 
97649 
97695 
97740 

97786 

97832 

97877 

97923 

97968 

98014 

98059 

1 98105 

I 98150 

• 98195 

98241 
98286 
98331 
98376 
98421 
98466 
98511 
98556 
98601 
98646 

98691 
98735 
98780 
98825 
98869 
98914 
98958 
99003 
99047 
99092 

99136 
99180 
99224 
99269 
99313 
99357 
99401 
99445 
99489 
99533 

99577 
99621 
99664 
99708 
99752 
99795 
99839 
99883 
99926 
99970 



97331 

97424 
97470 
97516 
97562 
97607 
97653 
97699 
97745 

97791 
97836 
97882 
97928 
9797:3 
98019 
98064 
98109 
98155 
98200 

98245 

98290 

98336 

98381 

98426 

9847. 

98516 

98561 

98605 

98650 



98695 
98740 
98784 
98829 
98874 
98918 
98963 
99007 
99052 
99096 

99140 
99185 
99229 
99273 
99317 
99361 
99405 
99449 
99493 
99537 

99581 
99625 
99669 
99712 
99756 
99800 
99843 
99887 
99930 
99974 



97336 
97382 
97428 
97474 
97520 
97566 
97612 
97658 
97704 
97749 

97795 
97841 
97886 

97932 
97978 
98023 
98068 
98114 
98159 
98204 

98250 
98295 
98340 
98385 
98430 
98475 
98520 
98565 
98610 
98655 

98700 
98744 
98789 
98834 
98878 
98923 
98967 
99012 
99056 
99100 



7 I 8 



99145 
99189 
99233 
99277 
99322 
99366 

99410 
99454 

99498 
99542 



99585 
99629 
99673 
99717 
99760 
99804 
99848 
99891 
99935 
99978 



97340 
97387 
97433 
97479 
97525 
97571 
97617 
97663 
97708 
97754 

97800 i 
97845 1 
97891 ; 
97937 ' 
97982 
98028 i 
98073 I 
98118) 
98164 
98209 



98254 
98299 
98345 
98390 
98435 
98480 
98525 
98570 
98614 
98659 

98704 
98749 
98793 
98838 
98883 
98927 
98972 
99016 
99061 
99105 

99149 
99193 
99238 
99^82 
99326 
99370 
99414 
99458 
99502 
99546 

99590 
99634 
99677 
99721 
99765 
99808 
99852 
99896 
99939 
99983 



97345 
97391 
97437 
97483 
97529 
97575 
97621 
97667 
97713 
97759 

97804 
97850 
97896 
97941 
97987 
98032 
98078 
98123 
98168 
98214 

98259 
98304 
98349 
98394 
98439 
98484 
98529 
98574 
98619 
98664 

98709 
98753 
98798 
98843 
98887 
98932 
98976 
99021 
99065 
99109 

99154 
99198 
99242 
99286 
9933U 
99374 
99419 
199463 
99506 
99550 

' 99594 

j 99638 

99682 

[99726 

! 99769 

99813 

99856 

99900 

99944 

99987 



97350 
97396 
97442 
97488 
97534 
^75^\} 
97626 
97672 
97717 
97763 

9r8u9 
97855 
97900 
97946 
97991 
98037 
98082 
98127 
98173 
98218 

98263 
98308 
98354 
98399 
98444 
98489 
98534 
98579 
98623 
98668 

98713 
98758 
98802 
98847 
98892 
98936 
98981 
99025 
99069 
99114 

99158 
99202 
99247 
99291 
99335 
99379 
99423 
99467 
99511 
99555 

99599 
99642 
99686 
99730 
99774 

99817 
99861 
99904 
99948 
99991 



97400 
97447 
97493 
97539 
97585 
97630 
97676 
97722 
97768 



97813 
97859 
97905 
97950 
97996 
98041 
98087 
98132 
98177 
98223 

98268 
98313 
98358 
98403 
98448 
98493 
98538 
98583 
98628 
98673 

98717 
98762 
98807 
98851 
98896 
98941 
98985 
99029 
99074 
99118 

99162 
99207 
99251 
99295 
99339 
99383 
99427 
99471 
99515 
99559 

996u3 
99647 
99691 
99734 
99778 
99822 
99865 
99909 
99952 
99996 
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M. 

6' 

1 


Sine, 


Co-sine. 


Tangent. 


Co-tang. 


Secant. 


Co«$ecant 




1 


10.t'v;000 


1 .00' 0'; 


U.w^^OouO 


Infinite. 


10.00000 


Infinite. 


60 1 


6.46373 


IC.OOOOO 


6.46373 


13.53627 


10.00000 


1353627 






2 


76476 


00000 


76476 


23524 


00000 


23524 


58 




3 


94085 


00000 


94085 


05915 


00000 


05915k 


57 




4 


7 06579 


00000 


7.06579 


1293421 


00000 


12. 3421 


66 




5 


16270 


00000 


16270 


83730 


00000 


83730 


55 




6 


24188 


00000 


24188 


75812 


ooooo 


75812 


54 




*7 


30882 


00000 


30882 


69118 


00000 


69118 


53 




8 


^6682 


00000 


36682 


63318 


ooooo 


63318 


53 




9 


41797 


00000 


41797 


58203 


ooooo 


58203 


51 




10 
11 


46373 


00000 


46373 


53627 
12.49488 


ooooo 


53627 


SO 
49 




7.50512 


lU.OOOOO 


7.50512 


10.00000 


■1:>.49488 




12 


54291 


00000 


54291 


45709 


ooooo 


45709 


48 




13 


57767 


uoooo 


57767 


42233 


ooooo 


42233 


47 




14 


60985 


00000 


60986 


39014 


ooooo 


39015 


46 




15 


63982 


00000 


63982 


36018 


ooooo 


36018 


45 




16 


66784 


00000 


66785 


33215 


ooooo 


33216 


44 




ir 


69417 


9.99999 


69418 


30582 


00001 


30583 


43 




18 


71900 


99999 


71900 


28100 


00001 


28100 


42 




19 


74248 


99999 


74248 


25752 


00001 


25752 


41 




20 
21 


76475 


99999 


76476 


23524 


OOOOl 


23525 


40 
39 




7.78594 


9.99999 


7.78595 


12.21405 


10.00001 


I2.21406r 




22 


80615 


99999 


80615 


19385 


OOOOl 


19385 


38 




58 


82545 


99999 


82546 


17454 


OOOOl 


17455 


37 




24 


84393 


99999 


84394 


15606 


OOOOl 


15607 


36 




25 


86166 


99999 


86167 


13833 


OOOOl 


13834 


35 




26 


87870 


99999 


87871 


12129 


OOOOl 


12130 


34 




27 


89509 


99999 


89510 


10490 


OOOOl 


10491 


^3 




28 


91088 


99999 


91089 


08911 


OOOOl 


08912 


32 




29 


92612 


99998 


92613 


07387 


00002 


07388 


31 




30 
31 


94084 


99998 


94086 


05914 


00002 


05916 


30 
29 




r.9550S 


9.99998 


7.9o5l0 


12 04490 


10.00UU2 


12.04492 




32 


968S7 


99998 


96889 


03111 


00002 


03113 


28 




33 


98223 


99998 


98225 


01775 


00002 


01777 


27 




34 


99520 


99998 


99522 


00478 


00002 


00480 


26 




35 


8.00779 


99998 


8.00781 


11.99219 


00002 


11.99221 


25 




36 


02002 


99998 


02004 


97996 


00002 


97998 


24 




37 


03192 


99997 


03194 


96806 


00003 


96808 


23 




38 


04350 


99997 


04353 


95647 


00003 


95650 


22 




39 


05478 


99997 


05481 


94519 


00003 


94522 


21 




40 


06578 


99997 


06581 


93419 


00003 
10.00003 


93422 


20 

19 




41 


«,07650 


9.99997 


8.07653 


11.92347 


11.92350 




42 


08696 


99997 


08700 


91300 


00003 


91304 


18 




43 


09718 


99997 


09722 


902r8 


00003 


90:82 


17 




44 


10717 


99996 


10720 


89280 


00004 


89283 


16 




45 


11693 


99996 


11696 


88304 


00004 


88307 


15 




46' 


s. 12647 


99996 


12651 


87349 


00004 


87353 


14 




47 


13581 


99996 


ld585 


86415 


00004 


86419 


13 




48 


14495 


99996 


14500 


85500 


00004 


85505 


12 




49 


15391 


99996 


15395 


84605 


00004 


84609 


11 




50 
51 


16268 


99995 


162r3 


83727 


00005 


83732 


10 
9 


, 


8.17128 


9.99995 


8.17133 


11.82867 


10.00005 


11.82872 




52 


17971 


99995 


17976 


82024 


00005 


82029 


8 




53 


. 18798 


99995 


18804 


81196 


00005 


81202 


7 




54 


19610 


99995 


19616 


80384 


00005 


80390 


6 




S5 


20407 


99994 


20413 


79587 


- 00006 


79593 


5 




56 


21 189 


99994 


21195 


78805 


00006 


78811 


4 




57 


21958 


99994 


21964 


78036 


00006 


78042 


3 




58 


22713 


99994 


22720 


77280 


00006 


77287 


2 




59 


23456 


^ 99994 


23462 


76538 


0('0U6 


76544 


1 




60 


24186 


99993 


24192 


75808 


00007 


75814 



M. 




1. 


Co-sine. 


Sine. 


Co-tang. 


Tangent. 


Co-secant 


Secant. 
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M. 


Sine, 


Co-sme. 


Tang. ] 


Co-tan j^. 


Secant. 


Co-secant 


60 





8.2418b 


.'.L'...',3 


8.2 .i)2 


Il.76.5u8 


10.00007 


11.76811 


1 


24903 


V)')v- )3 


2^910 


75090 


00007 


75097 


59 


2 


25609 


99993 


25616 


74384 


00007 


74391 


58 




26304 


99993 


26312 


73638 


00007 


73696 


57 


4 


26988 


99992 


2&>:g 


73004 


00008 


73012 


56 


5 


27661 


99992 


27'V)9 


72331 


00008 


72339 


55 


6 


28S24 


99992 


28332 


71668 


0000^ 


71676 


54 


7 


28977 


99992 


28986 


71014 


00v>08 


71023 


53 


8 


29621 


9^992 


29629 


70371 


0000.) 


70379 


52 


9 

10 


30255 


99991 


30263 


69737 


0v>009 


69745 


51 

50 


8^0879 


9.99991 


8.50888 


11.69112 


10.00uU9 


11.69U1 


11 


3l49ir 


99991 


31505 


68495 


00009 


68505 


49 


12 


32103 


99990 


32 M2 


. 67883 


00010 


67897 


48 


13 


32702 


99990 


3^711 


67-.09 


OOUIO 


67298 


47 


14 


33292 


99990 


33302 


66698 


00010 


66708 


46 


15 


33875 


9999J 


33886 


66114 


00010 


66125 


4^ 


16 


34450 


99989 


34461 


65539 


00011 


65550 


44 


17 


35018 


99989 


35029 


64971 


' 00011 


649H:^ 


43 


18 


35578 


99989 


3559U 


64410 


00011 


64422! 42 1 


19 
20 


36132 


99989 


36143 


63857 


OuOll 
10.00012 


63868 


41 

40 


8. 36678 


9.99988 


8.36689 


11.63311 


11.633-2 


21 


37217 


99988 


o7229 


62771 


00012 


62733 


3-J 


22 


37750 


99988 


37762 


62238 


00012 


62250 


38 


23 


3S276 


^99987 


38289 


61711 


00013 


61724 


37 


24 


38796 


.99987 


38809 


61191 


00013 


61204 


V » '.J 


25 


39310 


99987 


39323 


60677 


00013 


60690 




26 


39818 


99986 


39832 


6016b 


00014 


60182 


34 


27 


40320 


99986 


40334 


59666 


00014 


59680 




28 


40816 


99986 


40830 


59170 


00ul4 


09184; JJ 1 


29 

30 


41307 


99985 


41321 


58679 


00015 
10.00015 


J8693 


31 


8.41792 


9.99985 


8.41807 


11.58193 


11.j82jS 


3>J 


31 


42272 


99985 


42287 


57713 


. Of/Jij^ 


' 57728 j 29 I 


32 


42746 


99984 


42762 


57238 


0OJI6 


57254 


28 


33 


43216 


99984 


43232 


56768 


00016 


56784; :7 


34 


43680 


99984 


43696 


56304 


00016 


56320 1 20 


35 


44139 


99983 


44116 


55844 


00017 


55861 


'^5 


36 


44594 


99983 


44611 


55389 


Lzoir 


55406 


24 


37 


45044 


99983 


45061 


54939 


C0017 


54956 


23 


38 


45489 


99982 


45507 


54493 


00018 


54511 


P2 


39 
40 


45930 
8.46366 


99982 


45948 


54052 
11.53615 


00U18 
lOOOOlS 


54(»;\ ' -21 1 


9.99982 


8.46385 


11.53634 


20 


41 


46799 


99981 


46817 


53183 


00019 


53202 


19 


42 


47226 


99981 


47245 


52755 


00ol9 


52774 


18 


43 


47650 


99981 


. 47669 


52331 


. 00019 


52S50 


17 


44 


48069 


99980 


48089 


51911 


00020 


51931 


16 


45 


48485 


99980 


48505 


31495 


00020 


51515 


i» 


46 


48896 


99979 


48917 


51083 


00020 


51104 


14 


47 


49304 


99979 


49325 


50675 


00021 


50696 


13 


48 


49708 


99979 


49729 


50271 


00021 


50292 


12 


49 
50 


50108 


99978 


50130 


49870 


00022 


49892 


11 
10 


a50504 


9.99978 


8.50527 


11.49473 


10.00022 


11.49496 


51 


50897 


99977^ 


50920 


49080 


00023 


49103 


9 


52 


^51287 


99977 


51310 


48690 


00023 


4^713 


8 


53 


51673 


99977 


51696 


48304 


00023 


48327 


7 


54 


52055 


99976 


52079 


47921 


00024 


47945 


6 


SS 


52434 


99976 


52459 


47541 


00024 


47566 


5 


56 


52810 


89975 


52835 


47165 


00025 


47190 


4 


57 


53183 


99975 


53208 


46792 


00025 


46817 


3 


58 


53552 


99974 


53578 


46422 


00026 


46448 


2 


59 


53919 


99974 


53945 


46055 


00026 


46081 


1 


60 


54382 


99974 
Sine. 


54308 


45692 


0^026 


45718 



M. 


c 


Co-sine. 


Co-tangi 


Tang. 


Co-secant 


Secant. 
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M. 




Sine. 


Co -sine. 


Tanjifent. 


-'»?;•• 


Secant. 


Co-secant 




8.54282 


999978 


8.54304 


11.45692 


10.00026 


11.45ri8 


60 


1 


54642 


99973 


5.o6i> 


45331 


00027 


4535» 


59 


2 


54999 


99973 


55027 


44973 


00027 


45000 


58 


3 


55354 


99972 


55382 


44618 


00028 


44646 


57 


4 


55705 


99972 


557U 


44266 


00028 


44295 


56 


5 


56054 


99^71 


56083 


43917 


00029 


43946 


55 


6 


56400 


99971 


56429 


43571 


00029 


43600 


54 


7 


56743 


99970 


56773 


43227 


00030 


43257 


53 


8 


57084 


99970 


57114 


42886 


00030 


42916 


52 


9 

10 


57421 


99969 
9.99969 


57452 


42548 


00031 


42579 


51 

50 


^7757 


8.57788 


11.42212 


10.00031 


11.42243 


11 


58089 


99968 


58121 


41879 


00032 


41911 


49 


12 


58419 


99968 


5^51 


41549 


00032 


41581 


48 


13 


58747 


99967 


58779 


41221 


00033 


41253 


47 


.14 


59072 


99967 


59105 


40895 


00033 


40928 


46 


15 


59395 


99967 


59428 


40572 


00033 


40605 


45 


.16 


59715 


99966 


59749 


40251 


00034 


40285 


44 


17 


60033 


99966 


60068 


39932 


00034 


39967 


43. 


18 


60349 


99965 


60384 


39616 


00035 


39651 


42 


19 

20 


60662 


99964 


60698 


39302 


00036 
10.00036 


39338 


41 

40 


a60973 


9.99964 


8.61009 


11.38991 


11.39027 


21 


61282 


99963 


61319 


38681 


00036 


38718 39 1 


22 


61589 


99963 


616.26 


38374 


00037 


38411 


38 


23 


61894 


99962 


61931 


38069 


00038 


38106 


37 


24 


62196 


99962 


62234 


277^6 


00038 


37804 


36 


25 


62497 


99961 


62535 


37465 


00039 


37503 


35 


26 


62795 


99961 


62834 


37166 


00039 


37205 


34 
33 


27 


63091 


99960 


63131 


36869 


00040 


36909 


28' 


633S5 


99960 


63426 


^6574. 


00040 


36615 


32 


29 
30 


63678 


99959 


63718 


36282 


00041 


36322 


31 

30 


8.63968 


,9.99959 


8.64009 


11.3^991 


10.00041 


11.36032 


31 


64256 


99958 


64298 


35702 


00042 


35744 


29 


32 


64543 


99958 


64585 


35415 


00042 


35457 


28 


33 


64827 


99957 


64870 


35130 


00043 


35173 


27 


34 


65110 


99956 


65154 


34846 


00044 


34890 


26 


35 


65391 


99956 


65435 


:^4.565 


00044 


34609 


25 


36 


65670 


99955 


65715 


34285 


00045 


34330 


24 


37 


65947 


99955 


65993 


34007 


00045 


34053 


23 


38 


66223 


99954 


66269 


33731 


00046 


2:^777 


22 


39 

40 


66497 
8.66769 


99954 


6654;:^ 


33457 


00046 


3350* 


21 

20 , 


9.99953 


8.66816 


11.33184. 


10.00047 


11.33231 


41 


67039 


99952 


67087 


32913 


00048 


32961 


19 


42 


67308 


99952 


67356 


32644 


00048 


32692 


18 , 


43 


&7575 


99951 


67624 


32576 


00049 


32425 


17 


44 


67841 


99951 


67890 


32110 


00049 


32159 


16 


45 


68104 


99930 


68154 


31846 


0005U 


31896 


15 


46 


68367 


99949 


68417 


31583 


00051 


31633 


14 


47 


68627 


99949 


68678 


31322 


OOOJl 


31375 


1.3 


48 


66886 


99948 


68938 


31062 


00052 


31114 


12 


49 
50 


69144 


99948 


69196 
8.69453 


30804 


0U052 


30856 


11 
1> 


8 69400 


9.99947 


1130547 


10.00053 


1130600 


51 


69654 


99946 


69708 


30292 


00054 


30346 


9 


52 


69907 


99946 


69962 


30038 


00054 


300i3 


8 


53 


70159 


99945 


70214 


29786 


00055 


29841 


7 


54 


70409 


99944 


70465 


29535 


00056 


29591 


6 


55 


70658 


99944 


70714 


29286 


00056 


29342 


5 


'5:5 


70905 


99943 


70962 


29038 


00057 


29095 


4 


57 


71151 


99942 


71208 


28792 


00058 


28849 




5H 


71395 


• 99942 


71453 


28547 


00058 


28605 


2 


59 


71638 


99941 


71697 


28303 


00059 


28362 


1 


A, ' 


71880 
Qo.8inc. 


99Q40 
Sine. 


71940 


28060 


00060 


2812J 





J j-tatig- 


Tangeni. 


Co-secant 


Secant. 


M.I 
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M 





1 

^ 

3 

4 

5 

6 

7 

8. 

9_ 

lo 

, 11 
f 12 
13 
14 
15 
16 
17 
18 
19 



20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 



40 
41 

43 
44 
45 
46 
47 
'48 
49 



50 

51 

ff 52 

53 
54 
55 
66 
57 
58 
59 
60 



Sme. 

8.71880 
72120 
72359 
72597 
72834 
73069 
73303 
735SS 
73767 
73997 

8.74226 
74454 
74680 
74906 
75130 
75353 
75575 
75795 
76015 
76234 



8.76451 
76667 
76883 
77097 
77310 
77522 
77733 
77943 
78152 
78360 



8.78568 
78774 
78979 
79183 
79386 
79588 
79789 
79990 
80189 
80388 



8.80585 
80782 
80978 
81173 
81367 
81560 
81752 
81944 
82134 
82324 

8.82513 
82701 
82888 
83075 
83261 
83446 
83630 
83813 
83996 
84177 
84358 



Co-sine. 



Go-sine. I Tang^. iCo-tang. 



9.99940 
99940 
99939 
99938 
99938 
99937 
99936 
99936 
99935 
99934 

9.99934 
99933 
99932 
99932 
99931 
99930 
99929 
99929 
99928 
99927 



9.99926 
99926 
99925 
99924 
99923 
99923 
99922 
99921 
99920 
99920 



9.99919 
9^918 
99917 
99917 
99916 
99915 
99914 
99913 
99913 
99912 



9.99911 
99910 
99909 

99909 
99908 

99907 
99906 
99905 
99904 



8.71940 
72181 
72420 
72659 
72896 
73132 
73566 
73600 
73832 
74063 



8.74292 
74521 
74748 
74974 
75199 
75423 
75645 
75867 
76087 
76306 



8 76525 
76742 
76958 
77173 
773Sr 
77600 
77811 
78022 
78232 
78441 



8.78649 
78855 
79061 
79266 
79470 
79673 
79875 
80076 
80277 
80476 

8,80674 
80872 
81068 
81264 
81459 
81653 
81846 
82038 
82230 



99904 


82420 


9.99903 


8.82610 


99902 


82799 


99901 


82987 


99900 


83175 


99899 


83361 


99898 


B3547 


99898 


83732 


99897 


83916 


99896 


84100 


99895 


84282 


99894 


84464 



Sine. (Co-tang- 



11.28060 
27819 
27580 
27341 
27104 
26868 
26634 
26400 
56168 
25937 



11.25708 
25479 
25252 
25026 

24801 
24577 
24355 
24133 
23913 
83694 



11.23475 
23258 
23042 
22827 
22613 
22400 
22189 
21978 
21768 
21559 



11.21351 
21145 
20939 
20734 
20530 
20327 
20125 
19924 
19723 
19525 



11.19326 
19128 
18932 
18736 
18541 
18347 
18154 
17962 
17770 
17580 



11.17390 
17201 
17013 
16825 
16639 
16453 
16268 
16084 
15900 
15718 
- 15536 



Tangent. 



10.00060 
00060 
00061 
00062 
00062 
00063 
00064 
00064 
00065 
00066 



Secant. {Co-secant 

11.28120 
27880 
27641 
27403 
27166 
26931 
26697 
26465 
26233 
26003 



10.00066 
00067 
00068 
00068 
00069 
00070 
00071 
00071 
00072 
00073 



10.00074 
00074 
00075 
00076 
00077 
00077 
00078 
00079 
00080 
00080 

ia0008l 
00082 
00083 
00083 
00084 
00085 
00086 
00087 
00087 
00088 



10.00089 
00090 
00091 
00091 
00092 
00093 
00094 
00095 
00096 
00096 



10.00097 
,00098 
00099 
00100 
00101 
00102 
00102 
00103 
00104 
00105 
00106 



11.25774 
25546 
35320 
25094 
24870 
24647 
24425 
24205 
23985 
23766 

11.23549 
23333 
23117 
22903 
22690 
22478 
22267 
22057 
21848 
21640 



11.21432 
21226 
21021 
20817 
20614 
20412 
20211 
20010 
9811 
9612 



11. 



11 



9415 
9218 
9022 
8827 
8633 
8440 
18248 
80^6 
7866 
7676 



7487 
7299 
7112 
6925 

6739 
6554 
6370 
6187 
6004 
5823 
5642 



60 

59 

58 

57 

56 

55 

54 

53 

52 1 

51 



50 

49* 

48 

47 

46 

45 

44 

43 

42 

41 



40 
39 
38 
37 
36 
35 
34 
33 
32 
31 



Co-secant Secant I 



30 
29 
28 
27 
26 
25 
24 
23 
22 

?L 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 

10 
9 
8 
7 
6 
5 
4 
3 
2 

1 K 
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41 


* < 


Sine. 


Co-Einc. 


I'ang. 


Co-tang". 


Secant. 


Co-secant 


._ 


1 1 




8.^'4.35K 


9.99894 


8.84464- 


11.15536 


1'J.OJ106 


11.15642 


6Q ■ 






1 


8'i5:)'J 


99893 


84646 


15354 


00107 


15461 


59 ■ 






2 


8471t 


99892 


84826 


15174 


00108 


15282 


5Q 1 






3 


84897 


99891 


85006 


1-^994 


00109 


15103 


57 










8.:075 


99r.9i 


85185 


' 14815 


00109 


14925 


5^ 








5 


85i;3J 


9;;b90 


85363 


14637 


'OoilO 


14748 


55 








6 


85421' 


99^89 


85540 


14460 


OOlll 


14571 


54 








7 


8560^ 


91*;,>ci8 


85717 


142^:3 


00112 


1439o 


33 








1 


^-.r;.,.. 


•: ^HS7 


83893 


14107 


00113 


14220 


52 








9 

3 / 


8^«-.:>5 

b.bor28 


'j:..S6 

J.;.9H35 


86069 


13931 


00114 


14045 

ft 


51 
50 






8.8:'24 3 


1 1.13757 


10.00115 


11.13872 






. 


11 


86301 


998:-^ 


86417 


1oj8o 


0iyil6 


13699 


49 


- 






12 


864/ H 


9':)883 


• 86591 


13409 


00117 


13526 


48 








13 


8t>0iJ 


998H2 


86763 


13237 


00118 


13355 


47 








14 


bOd ! v3 


99881 


86935 


13065 


00119 


13184 


46 








}5 


8o9S7 


99880 


87106 


12894 


00120 


13013 


45 








16 


87156 


99879 


87277 


12723 


00121 


12844 


44 








17 


87325 


99879 


87447 


12553 


00121 


12675 


43 








18 


87494 


99878 


87616 


12384 


00122 


12506 


42 


1 






1^ 

■"20 


' 8:'6o1 
8.8i'c<V9 


99877 


87785 
8.87953 


12315 


00123 


12338 


41 

40 






9. '^ ';'.'': 7 6 


11.12047 


10.00124 


11.12171 








21 


87995 


99875 


88120 


11880 


00125 


12005 


39 








22 


88161 


99874 


88287 


11713 


00126 


11839 


38 








23 


88326 


998; 3 


88453 


11547 


00127 


11674 


37 








24 


88490 


99872 


88618 


11381 


00128 


11510 


36 


■ 






25- 


88654 


99871 


88783 


11217 


00129 


11346 


35 








26 


88817 


99870 


'88948 


11052 


00130 


11183 


34 






r 


27 


88980 


99S69 


89111 


10889 


00131 


11020 


33 








.28 


89142 


99868 


89274 


10726 


00132 


10858 32 1 








29 
30 


89304 


' 99867 


89437 


10563 


00133 


10696 


31 
30 






8.89464 


. 9.99866 


-8.o9.>98 


11.10402 


10.00134 


11.10536 






9 


31 


89625 


99865 


89760 


10240^ 


00135 


10375 


29 








32 


89784 


99864 


89920 


10080 


00136 


10216 


28, 








33 


89943 


99863 


90080 


09920 


00137 


10057 


27 






V 


34 


90102 


99862 


90240 


09760 


00138 


0989^ 


26 








35 


90260 


99861 


. 90399 


09601 


00139 


09740 


25 








36 


9u4l7 


99860 


^557 


09443 


00140 


09583 


24 


' 


} 




37 


90574 


99859 


90715 


' 09.85 


00141 


09426 


23 








38 


90730 


99858 


9087:2 


09128 


^0142 


09270 


22 






■ 


39 
40 


90885 


99857 


91029 


08971 


00143 


09115 


21 
20 






8.91040 


9.99856 


8.91185 


11.08815 


10.00144 


11.08960 








41^ 


91195 


99855 


91340 


08660 


00145 


08805 


19 


. 






42. 


91349 


99854 


91496 


08505 


00146 


08651 


18 


> 


1 




43 


9150^ 


99853 


91650 


0a350 


00147 


08498 


17 


* 


r< 




44 


91655 


99852 


91803 


08197 


00148 


08345 


16 








45 


91807 


99851 


91957 


08043 


00149 


08193 


15 


* 






46 


91959 


99850 


92110 


07890 


00150 


08041 


14 




. 


- 


47 


92110 


99848 


92262 


07738 


00152 


07890 


13 








48 


92261 


99847 


92414 


07586 


00153 


07739 


12 




" 




49 
50 


92411 


99846 


92565 


07435 


00154 


07589 


11 

10 






8.92561 


9.99845 


8.92716 


11.07284 


10.00155 


11.07439 


. 






51 


92710 


99844 


' 92866 


07134 


00156 


07290 


9 


' 






52 


92859 


99843 


93016 


06984 


00157 


07141 


8 


1 






53 


93007 


99842 


93165 


06835 


00158 


06993 


7 






■ 


54 


93154 


99841 


93313 


06687 


00159 


06846 


6 








55 


93301 


99840 


' 93462 


06538 


00160 


06698 


5 


» 




« 


56 


93448 


99839 


93609 


06391 


00161 


06552 


4 


1 






57 


93594 


99838 


93756 


06243 


00162 


06406 


3 


1 






58 


93740 


99837 


93903 


06097 


00163 


06260 


2 




' 




59 


93885 


99836 


94049 


05951 


00164 


06115 


1 








60 


94'v30 


99834 


94195 


05805 


00166 


05970 











Co««me. 


Sine. 


Co-tang. 


Tangent. 


Co-secant 


Secant, 
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— 


Sine. 


9.99834 


■ 






Mit 


8,94031) 


8,94193 


11.05805 


10.00166 


11.05970 


I 


9*174 


. 99833 


94340 


05660 


00167 


05826 


2 


94317 


99832 


94485 


05515 


00168 


05683 




94461 


99831 


94630 


05370 


00169 


05539 


4 


94603 


99830 


94773 


05227 


00170 


05397 


5 


9-1746 


99829 


94917 


05083 


00171 


05254 


6 


94887 


99828 


95060 


04940 


00172 


05113 


r 


95029 


99827 


95202 


04798 


00173 


04971 


8 


95170 


99835 


953*4 


04656 


00175 


04830 


9 


95310 


99824 


93486 


04514 


00176 


04690 


10 


8.95450 


9.y9823 


"8.95627 


a 1.04 -573 


10.00177 


11.04550 


11 


93589 


99823 


95767 


04233 


00178 


04411 


13 


9'5728 


99831 


95908 


04093 


00179 


- 04372 


13 


95867 


99820 


96047 


03953 


00180 


04133 


U 


96005 


92819 


96187 


03813 


00181 


03995 


15 


- 961« 


99817 


96326 


03675 


00183 


03857 


16 


96280 


99816 


96464 


03536 


00184 


03730 


17 


96417 


99815 


96602 


03398 


00185 


03583 


18 


96553 


99814 


96739 


03361 


00186 


03447 


19 

20 


96689 
8,90825 


99813 
9.99812 


96877 
8.97013 


03123 


00187 


03311 


11.02987 


10.00188 


h.03175 


St 


96960 


99810 


97150 


02850 


00190 


030*0 


22 


97095 


99809 


97285 


02715 


00191 


' 02905 


23 


97229 


99308 


97421 


02579 


00192 


03771 


24 


97363 


99807 


97536 


02444 


00193 


03637 


25 


97496 


99806 


97691 


92309 


00194 


02504 




97629 


99804 


97825 


02175 


00196 


02371 


27 


97762 


99803 


97959 


02041 


O0197 


03238 


28 


97894 


99803 


98092 


01908 


00198 


021 Ofi 


39 


98026 


99801 


98325 


01775 


00199 


01974 


■So- 


a98157 


9.99800 


a98358 


11,01643 


10.00200 


11.01843 


31 


98288 


99798 


98490 


01510 


00203 


01712 


32 


98419 


99797 


98622 


01378 


00203 


01581 


33 


98549 


99796 


98753 


01247 


00304 


01451 


34 


98679 


99795 


98884 


01116 


00205 


0I33J 


35 


98808 


99793 


990U 


00985 


00207 


01192 


36 


98937 


99793 


99145 


00855 


00208 


01063 


37 


99066 


99791 


99275 


00725 


00209 


00934 


38 


99194 


99790 


99405 


00595 


00210 


00806 


39 


99322 


99788 


99534 


00465 


00 11 


00678 


"40" 


8,99450 


"5:99787 


859662 


11.00338 


10.00213 


i 1.00550 


41 


99577 


9W86 


99791 


00209 


00314 


00433 


42 


99704 


99785 


99919 


00081 


00315 


00296 


43 


99830 


99783 


900046 


10.99954 


• 00216 


00170 


44 


99956 


99782 


00174 


99826 


00: 18 


00044 


45 


9.00082 


99781 


00301 


99699 


00319 


10.99918 


46 


00207 


99780 


00427 


99573 


00320 


99793 


47 


00332 


99778 


00553 


99447 


002J2 


99668 


48 


00456 


99777 


00679 


99321 


002.-3 


99544 


49 


00581 


99776 


008U5 


99195 


00224 


99419 


"so" 


9.00704 


9.9977S 


9^K)930 


10.99070 


1( 




SI 


00828 


99773 


01055 


98945 






52 


009S1 


■99772 


01179 


98821 






53 


01074 


99771 


01303 


98697 






54 


01196 


99769 


01427 


98573 






55 


01318 


99758 


01550 


984S0 






56 


. 014*0 


99767 


01673 


98327 






57, 


01561 


99765 


01796 


98204 






58 


71682 


99764 


01918 


98082 






59 


01803 


99763 


02040 


97960 






60 


01923 


99761 


02m 


97838 








Co-aine. 


Sine. 


Co^anff. 


"T^iig- 


5o 
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"ST 




Sihc-. 


Co-tine. 


9.0216^ 


Co-ung. 


Sfcant. 


3o-««!Wlt 




9.U1923 


9.99761 


1U.97B38 


10.00239 


lu.98077 


I 


U2043 


99760 


0228J 


97717 


00240 


97957 


2 


U216j 


99759 


0240:) 


97396 


00241 


97837 


3 


02283 


99737 


02533 


97475 


0024.3 


97717 


4 


02402 


99756 


02645 


97355 


00244 


97398 


5 


►2S20 


99755 


02760 


971:34 


oo;43 


97480 


6 


02&J9 


997SJ 


02B85 


97115 


00247 


97361 


7 


02757 


99752 


030Dj 


96995 


00248 


97243 


a 


03874 


99751 


U31.4 


96876 


00249 


97126 


9 
lU 


02993 


99749 


03242 


96758 


00251 


97008 


9.U3109 


9.99748 


9,03361 


1096539 


10.00252 


10.96891 


11 


03226 


99747 


03479 


96531 


00253 


96774 


12 


03343 


99745 


03597 


96403 


0025S 


96658 


IJ 


01458 


99744 


03714 


96286 


00236 


96542 


14 


03574 


99742 


03SJ3 


96168 


00253 


96426 


IS 


03690 


99741 


03948 


96053 


00 59 


96310 


16 


03H05 


99740 


04063 


95935 


00260 


96195 


17 


03920 


99738 


04181 


95H19 


00:62 


96080 


13 


04034 


99737 


04297 


95703 


00263 


93966 


19 
■20 


04U9 


99736 


04413 


95587 


00264 


95851 




904262 


9.99734 


9.04528 


10.95472 


10.00266 


1095737 


40 


21 


04376 


99733 


04643 


95357 


00267 


93624 




22 


04490 


99731 


04738 


95242 


00269 


95510 


38 


2j 


O4603 


99730 


04873 


95127 


00270 


95397 


37 


24 


04715 


99728 


04987 


95013 


00271 


95285 


36 


25 


04828 


99727 


05101 


94899 


00273 


95172 


35 


26 


04940 


99726 


05214 


94786 


00274 


95060 


34 


27 


as032 


99724 


0j328 


94672 


00376 


94948 


33 


28 


05164 


99723 


05441 


94559 


00277 


94836 


32 


29 


05275 


99721 


05553 


94+47 


00279 


94735 


31 

"so" 


3U 


9.05386 


9.99730 


9.05666 


10.94334 


10.00280 


10.94614 


31 


03497 


99718 


03778 


94322 


00281 


94503 


29 


32 


05607 


99717 


05890 


94110 


00383 


94393 




33 


05717 


99716 


06002 


93998 


00384 


94283 


27 


34 


0S827 


99714 


06113 


93887 


00386 


94173 


36 


33 


05937 


99713 


06234 


93776 


00387 


94063 


25 


36 


06046 


99711 


06335 


93665 


00389 


93954 


24 


37 


06155 


99710 


06445 


93555 


00290 


93845 


23 


38 


06364 


99708 


06556 


93444 


00293 


93736 


22 


39 


06372 


99707 


06666 


93334 


00293 


93628 
10.93519 


21 

"so" 


40 


"9.0^81 


9.99705 


9.06775 


1053325 


10.00395 


41 


06589 


99704 


06883 


93115 


00296 


934U 


19 


42 


06693 


99702 


06994 


93006 


00298 


93304 


18 


43 


06804 


99701 


07103 


92897 


00299 


93196 ' 17 


44 


06911 


99699 


07211 


93789 


00301 


93089 16 


43 


07018 


99608 


07320 


92680 


00303 


92982 


15 


«i 


07124 


99696 


07428 


92572 


00304 


. 92876 


14 




07231 


99695 


07536 


92464 


00305 


92769 


13 


48 


■ 07337 


99693 


07643 


92357 


O0307 


92663 


13 


49 
"IT 
51 


07442 


99692 


07751 


92249 


00308 


92558 


^ 


9J37348 


9.99690 
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9 


52 
53 
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8 
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00316 
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6 


36 
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5 
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91505 


(W3I9 
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4 


57 
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99680 
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3 


58 
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08703 
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2 
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60 
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9.08589 


9.99675 


9.08914 


10.91086 


10.00325 


10.91411 


1 


08692 


J99674 


09Q19 


90981 


00326 


91308 


59 


2 


^ 08795 


99672 


09123 


90877 


00328 
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58 


3 


08897 


' 99670 


09227 


90773 


00330 


91103 


S7 


4 


08999 


99669 


09330 


90670 


00331 


91901 


56 


5 


09101 


99667 


09434 


90566 


00333 


90899 


55 


6 


09202 


99666 


09537 


90*63 


00334 


90798 


54 


7 


09304 


99664 


09640 
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00336 


90696 


53 


8 


09405 
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09742 


90258 


^0337 


90595 


52 
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10 
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99661 


09845 


90155 


00339 
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51 

5^ 
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9.99659 


9X)9947 


10.90053 


10.00341 


10.90394 


11 


09707 


99658 


10049 


89951 


00342 


90293 


49 


vz 


09807 


99656 


10150 


89850 


00344 


90193 


48 


13 


09907 


99655 


10252 


89748 


00345 


90093 


47 


14 


10006 


99653 


10353 


89647 


00347 


89994 
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15 


10106 


99651 


10454 


89546 


00349 


89894 


45 


t 


10205 


99650 


10555 


89445 


00350 


89795 


44 


10304 


99648 


10656 


:89344 


00352 


89696 


43 


18 


10^2 


99647 


10756 


89244 


00353 


89598 


42 


19 
20 


10501 


99645 


108S6 


89144 


•00355 
10.00357 


89499 


41 

40 


9.10599 


9.99643 


9.10956 


10-89044 


10 89401 


21 


10697 


99642 


11056 


88944 


00358 


89303 


39 


22 


10795 


99640 


11155 


88845 


00360 


89205 


38 


23 


10893 


99638 


11254 


88746 


00362 


89107 


37 


24 


10990 


99637 


11353 


88647 


003^3 


89010 


36 


25 


11087 


99635 


11452 


88548 


00365 


88913 


35 


26 


11184 


99633 


11551 


88449 


00367 


88816 


34 


27 


11281 


99632 


11549 


88351 


00368 


88719 


33 


28 


11377 


99630 


11747 


88253 
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38623 


32 


29 
3Q 


H474 


99629 


11845 


88155 
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31 

30 


9^1570 


9.99627 


9.11943. 


l0.880iS7 


10.00373 


10.88430 


31 


11666 


99625 


12040 


«7960 


00375 


88334 


29 


32 


11761 


99624 


12138 


87862 


00376 


88239 


28 


33 


11857 


99622 


12235 


87765 


00378 


88143 


27 


34 


11952 


99620 


12332 


87668 


00380 


88048 


26 


35 


12047 


99618 


12428 


87572 


00381 


87953 


25 


36 


12142 


99617 


12525 


87475 


00383 


87858 


24 


3r 


12236 


99615 


12621 


87379 


00385 


87764 


23 


38 
39 


12331 


99613 


12717 


«r283 


00387. 


67669 


22 


12425 


99612 


12813 


87t87 


00388 


87575 


21 
20 


40 


9.12519 


9.99610 


9.12909 


10.«70» 


10.00390 


10.87481 ^ 


41 


12612 


f 99608 


13004 


86996 


^392 


87388 


19 


42 


12706 


99607 


13099 


36901 


00393 


87294 


18 


43 


12:^99 


99^5 


13194 


86806 


<00395 


«7201 


17 


44 


12892 


99603 


13289 


86711 


00397 


87108 


1^ 


45 


12965 


99601 


13384 


86616 


00398 


87015 


15 


46 


13078 


99600 


13478 


86522 


00400 


86922 


14 , 


47 


13171 


99598 


13573 


«6427 


00402 


86829 


13 


48 


13263 


99596 


13667 


£6333 


00404 


86737 


12 


49 
50 


13355 


99595 


13761 


86239 


.00405 


86645 


11 
10 


9.13447 


9:99593 


9.13854 


10.86146 


1000407 


1036553 
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13539 


99591 


13948 


;86052 


00409 


86461 
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52 


13630 


99589 


14041 


85959 


00411 


36370 


8 


53 


13722 


99588 


14134 


85866 


00412 
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7\ 


54 


13813 


99586 


14227 


85773 


00414 


86187 
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SS 


13904 


99584 


14320 


85680 


00416 


36096 


5 


56 


13994 


99582 


14412 


85588 


00418 


86006 


4 


S7 


14085 


99581 


14504 


85496 


00419 


85915 


3 
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14175 


99579 


14597 


85403 


00421 


85825 


2 


59 
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1 


60 
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-0 
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9,99573 


9.14780 


10.83330 
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1 


14445 
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14873 


85128 


00426 
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3 


14535 
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14963 


85037 


00428 
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3 
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15054 


84946 


OO430 


85376 




4 


«ru 


99568 


15145 


84855 


00432 


85386 




5 


14803 


99566 


152J6 


84764 


00434 


85197 




6 


14891 


99565 
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84673 


00435 
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? 


14980 


99563 


15417 


84583 


00437 


83020 




8 


15069 
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13508 
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10-00443 
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ll 
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13777 
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00444 


84667 




13 


15431 


99554 


13867 


84133 


00446 


84579 




13 


15508 


99553 


15956 


84044 


00448 


84492 




14 


15596 


99350 


16046 


83954 


00450 


84404 




15 


15683 


99548 


1S135 


83865 


00432 


84317 




16 


15770 


99546 


16224 


83776 


00454 


84230 




17 


15857 


99543 


16312 


83688 


00455 


84143 




18 
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16401 


83599 


00457 


84056 




19 
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9.16577 


83511 

10.83433 


00459 


83970 




9.16116 


9.99539 


10.00461 


10.83884 




21 


16203 


99337 


16665 


83335 


00463 


83797 




23 


16389 


99335 


16753 


83247 


00463 


83711 




33 


16374 


99533 


16841 


83159 


00467 


83626 




24 


16460 


99532 


16928 


83072 


00468 


S3540 




35 


16S45 


99530 


17016 


82984 


00470 


83455 




26 


16631 


99528 


17103 


83897 
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37 
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17190 
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00474 
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38 
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17277 
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29 
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31 


17055 
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17336 


82464 


00482 


82945 


29 


32 
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82378 


00483 


82861 


38 


33 


17223 


99515 


17708 


82392 


00485 


82777 


27 


34 


17307 


99513 


17794 


82206 


00487 


82693 


36 


35 


17391 


99511 


17880 


82130 


00489 


82609 


35 


36 


17474 


99509 


17965 


82035 


00491 


82526 


24 


37 


17558 


.99507 


18051 


81949 


00493 


83442 


23 


36 
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99503 
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00493 


83359 


23 


39 


17724 


99503 
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81779 
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31 


"M 
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20 


41 
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99499 
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81609 
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19 


42 
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99497 
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81535 


00503 


82037 


18 


43 
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99495 


18560 


81440 


00505 
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17 


44 
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81356 


00506 


81B63 


16 


4S 
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18728 


81 '73 


80508 
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13 


46 
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99490 
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81188 


00510 
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14 


47 


18383 


99488 


18896 


81104 


00512 


81617 


13 


48 
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00314 
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49 
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99484 
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80937 
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51 
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52 


18790 
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53 
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54 
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6 


55 
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56 
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20053 
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' 00564 
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14 
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15 
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00570 
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17 
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99427 
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18 
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78580 
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2Q 


20922 
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21 
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23 
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24 
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25 
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35 


26 
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99409 
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34^ 


27 
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33 


28 
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60 
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30 
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9.22361 


10.77639 
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10.78239 


31 
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29 


32 
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99396 
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34 
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35 
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43 
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44 
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45 
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^ 77048 
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75888 


, 00649 


. 76538 


7 
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'^ 76465 
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55 
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5 


56 
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4 


57 
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99342 
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3 


58 
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99340 
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9.24632 


10.75368 
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10,76033 
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1 


24039 


99333 


24706 


75394 
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75961 
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2 
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24779 


75221 
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3 
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99328 


24853 
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75819 
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4 
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24926 
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75747 
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25000 


75000 


00676 
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6 
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99322 
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74927 


00678 
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7 
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-99319 
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74854 


00681 


75534 
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8 
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99317 
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74781 
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75464 
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9 


24607 


99315 
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9.25365 


10.74635 


10.00687 
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11 
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75252 
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12 
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13 
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74418 
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14 
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74345 


00696 


75042 
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15 
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99301 


25727 
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00699 


74972 
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16 
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99299 


25799 


74201 
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17 
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99297 
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74i29 


00703 
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IS 
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99294 
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74057 
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20 
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73842 


00712 


74555 
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22 
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24 
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74348 
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99278 
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26 
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00724 
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27 
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28 
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73345 
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74073 
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30 
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10.73937 




31 
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73869 
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32 
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73801 
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33 
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34 
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35 
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27148 
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00745 
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36 


26470 


99252 


27218 


■ 72782 


00747 


73530 


24 




37 


26538 


99250 


27288 


72712 


00750 


73462 


23 




38 


26605 


99248 


2:r357 


72643 


0Q752 


73395 


22' 




39 


26672 


99245 


27427 


72573 


00755 


73328 


21 

20 




4i 


9.26739 


9.99243 


9.27496 


10.72504 


10.00757 


10.73261 




41 


26806 


99241 


27566 


72434 


00759 


73194 


19 




42 


26873 


99238 


27635 


72365 


00762 


73127 


18, 


43 


26940 


99236 


27704 


72296 


.00764 


73060 


17 


44 


" 27007 


99233 


27773 


72227 


00767 


72993 


16. 

15 

14' 


45 


27073 


99231 


27842 


72158 


00769 


72927 


46 


27140 


99229 


27911 


72089 


00771 


72860 


47 


27206 


99226 


27980 


72020 


00774 


72794 


13 




48 


27273 


99224 


28Q49 


71951 


00776 


72727 


1% 


d 


4? 
50 


27339 


99221 


28117 


71883 


O0779 


72661 


11 


f 


927405 


9,99219 


9. 8186 


10.7i«14 


10.00781 


10.72595 


• 


51 


27471 


99217 


28254 


71746 


00783 


72529 


9 




52 


27537 


99214 


28323 


71677 


00786 


72463 


8 




53 


27602 


99212 


28391 


71609 


00788 


72398 


7 




54 


27668 


99209 


28459 


71541 


00791 


72332 


6 




55 


^7^ 


99207 


28527 


71473 


00793 


72266 


5 




5o 


27799 


99204 


'28595 


71405 


00796 


72201 


4i 




5r 


27864 


99202 


28662 


71338 


00798 


72136 






58 


27930 


99200 


28730 


71270 


00800 


72070 


2 




59 


27995 


99197 


28798 


71202 


00803 


72005 


1 






28"60 
, Co-bine. 


9919^ 


28865 

'-tanjr 


71135 


00805 


71940 







Sine, 


Tmigi^n. 


Co-secant 


Secant. 


M.I 
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•'M 







1 
2 
3 
4 
5 
6 

8 

J^ 

10, 
11 

12 

13 

14 

15 

16 

17 

18 

19 

i 20 

[21 

i 22 

I 23f 

I 24 

25 

25 

27 

28 

29 



1 



30 
31 
3^ 
3o 
34 
35 
36 

37 
38 

139 



40 
41 

42 
43 

45 
^ 46 
47 
48 
1 49 



Sine. I Co- sine ITanj^ent 



9.28060 
28125 
28190 
28254 
28319 
28384 

. 28448 
28512 
28577 
28641 

9.28705 
28769 
2883a 

, 28896 
58960 
^9034 
29087 
291 5Q 
29214 
29277 



9^340 
29403 
29466 
29529 
29591 
29654 
29716 
29779 
29841 
29903 



9.29966 
30028 
30090 
30151 
30213 
30275 
30336 
30398 
30459 
30521 



9.30582 
30643 
3p704 
307^65 
30826 
30887 

' 30947 
31008 
31068 
31129 



9.31189 
31250 
31310 
31370 
31430 
31490 
31549 
31609 
31669 
31728 
31788 



Co-sine. Sine. 



9.99195 
99192 
99190 
99187 
99185 
99182 
99180 
99177 
99175 
99172 



9.99170 
99167 
99165 
99162 
99160 
99157 
99155 
99152 
99150 
99147 



9.99145 
99142 
99140 
99137 
99135 
99132 
99130 
99127 
99124 
9912 2 

9.991 1§ 
99117 
99114 
99112 
99109 
99106 
99104 
99101 
99099 
99096 



9.99Q93 
99091 
99088 
99086, 
99083 
99080 
99078 
99075 
99072 
99070 



9.99067 
99064 
99062 
99059 
99056 
99054 
99051 
99048 
99046 
99043 
99040 



•r—' 



9.28865 
. 28933 
29000 
29067 
29134 
29201 
29268 
29335 
29402 
29468 



Co-tang-. 



9.29535 
29601 
29668 
29734 
29800 

. 29866 
29932 
29998 
30064 
30130 



9.30195 
30261 
3(^326 
3039,1 
30457 
30522 
30587 
30652 
30717 
30782 



9.30846 
30911 
30975 
31040 
31104 
31168 
31233 
31297 
31361 

_3142if 

9.31489 
31552 
3161)6 
31679 

- 31743 
31806 
31870 
31933 
31996 
32059 



932122 
32185 
32248 
32311 
32373 
32436 
32498 
32561 
62^23 
32685 
32747 



10.71135 
71067 
71000 
70933 
70866 
70799 
70732 
70665 
70598 
70532 



10.7046^ 
70399 
70332 
70266 
70200 
70134 
70068 
70O02 
69936 
69870 



10.69805 
69739 
69674 
69609 
6954^ 
69478 
69413 
69348 
69283 
69218 



10.69154 
69089 
69025 
68960 
^8896 
68832 
68767 
68703 
68639 
68575 

10.68511 
68448 
68384 
68321 

6^257 
681SM 
68130 
68067 
68004 
67 941 

IaS7878 
67815 
67752 
67689 
67627 
67564 
67502 
67439 
^^77 
67315 
67253 



■••r 



Co-tang. Tangent 

7S Degrees. 



Secant. 



10.00805 
00808 
0Q810 
00813 

, 00815 
00818 
00820 
00823 
00825 
00828 



10.00830 
00833 
00835 
00838 
00840 
00843 
00845 
00848 
00850 
008531 



Ct)-secant 



ia.71940 60 
71875 59 
71810 58 
71746 S7 
71681: 56 



71616 
71552 
71488 
71423 
71359 



10.71295 
71231 
. 71167 
71104 
71040 
70976 
70913 
70850 
70786 
70723 



10.00355 
00858 
i)0860 
00863 
iK)865 
i)0868 
00870 
00873, 
0087eJ 
00 878 

10^881 
00883 
00886 
00888 
00891 
00894 
00896 
008991 
00901 
06904 



■ 1. % 



10.00907 
00909 
00912 
00914 
00917 
00920 
00922 
00925 
00928 

00930 

10.00^^ 



00936 
00938 
00941 
00944 
00946 
00949 
00952 
00954 
00957 
00960 



Co-a,ecant 



10.70660 
70597 
70534 
70471 
70409 
70346 
70384 
70221 
70159 
70097 



1070034 
69972 
69910 
69849 
69787 
69725 
69664 
69602 
69541 
69479 



10.69418 
69357 
69296 
69235 
69174 
69113 
69053 
68992 
68932 
68871 



10.68811 
68750 
68690 
68630 
68570 
68510 
68451 
68391 
68331 
68272 
68212 



SS 

54 
53 
52 

iL 

49 
48 
47 
4« 
45 
44 
43 
42 
41 

40 
39 
38 
57 
36 
35 
34 
33 
32 
31^ 

"30 
29 
28 
27 
26 
25 
24 
23 
22 
21 



20 
19 
18 
17 
16 
15 
14 
13 
12 
11 



Secant. 



Will un a iwaiii 



10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




' 



M. 
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id/ 


Sine. 


Ca-sine. 
9.98872 


Tang. 
9.36336 


Co-ying'. 


Secant. 


Co-secant 


60 







9.35209 


J^.63664 


10.01128 


10.64791 


V 


1 


' 35263 


98869 


36394 


63606 


01131 


'64737 


59 


T 


2 


35318 


98867 


^6452 


.63548 


01133 


64682 


58 


4 


3 


35373 


98864 


363Q9 


63491 


01136 


64627 


57 




4 


35427 


. 98H61 


36560 


63434 


01139 


64673 


56 




5 


35481 


98858 


. 36624 


63376 


01142 


64518 


55 


I 


6 


35536 


98855 


36681 


6S319 


0^*45 


64464 


54 




7 


35590 


98852 


36738 


63262 


0114^ 


64410 


53 




.8 


35644 


98849 


,36795 
/ 36852 


63205 


aii5r 


64356 


52 




9 
"10 


35698 
9.35752 


r 98846 


63148 


01154 


^302 
10.64^ 


51 




9.98843 


^.36909 


10.63091 


10.01157 


50 




11 


35806 


98840 


' 36966 


63034 


01160 


64194 


49 




12 


35860 


98837 


37023^ 


62977 


01163 


64140 


4>8 




IS 


35914 


. 98834 


37080 


62920 


01166 


64086 


47 




U 


35968 


• 98831 


. 37137 


62863 


01169 


64032 


46 




15 


36022 


96828 


37193 


62807 


01172 


63978 


45 


. 


16 


36075 


' 98825 


37250 


62750 


0H75 


63925 


44 




17 


36129 


98822 


37306 


62694 


. 01178 


63871 


43 




18 


36182 


' 98819 


37363 


62637 


01181 


63818- 


42 




19 
20 


36236 


98816 


37419 


62581 


01184 


^ 63764 


41 




9^6289 


9.98813 


9-37476 


10.62524 


10.01187 


10.65711 


40. 




21 


36342 


98810 


37532 


62468 


Q1190 


63658 


39 




22 


36395 


98807 


37588 


,62412 


01193 


63605 


38 


k 


23 


3^9 


98804 


37644 


62356 


01196 


63551 


37 




24' 


36502 


98801 


37700 


62300 


01199 


63498 


36 




25 


86555 


98798 


37756 


62244 


01202 


63445 


35 


• 


26 


36608 


98795 


37812 


62^188 


01205 


- 63392 


34 


< 


27 


36660 


98792 


3786& 


62132 


01208 


63340 


33 




28 


36713 


98789 


^7924 


62076 


fl21I 


63287 


32 




29. 
36 


36766 
9:36819 


98786 


37980 


^ ^2020 


01214 


63234 


31 




9.987«3 


9.38035 


1Q.61965 


10.01217 


10,63181 


30 




31 


36871 


98780 


38091 


', 61909 


01220' 


63129 


29 




32 


36924 


98777 


38147 


61853 


01223 


63076 


28 




33 


. 36976 


98774 


38202 


61798 


01226 


63024 


27 




34 


37028 


98771 


38f>57 


61743 


01229 


62972 


26 


« 


35 


37081 


98768 


38313 


61687. 


01232 


62(919 


25 




36 


37133 


98765 


38368 


61632 


01235 


62867 


24 




37 


37185 


98762 


38423 


61577 


01238 


62815 


23 




38 


37257 


98759 


38479 


61521 


01241 


62763 


22 




39 
40 


^7289 


98756 


38534 


61466 


01244 


62711 


21 


» 


9.37341 


9.98753 


^.38589 


10.61411 


1001247 


10.62659 


20 




41 


37393 


98750 


38644 


6l356i 


01250 


62607 


19 




42 


37445 


98746 


38699 


61301 


012^ 


62555 


18 




43 


37497 


98743 


38754 


61246 


01257 


62503 


17 




44 


37549 


98740 


38808 


61192 


01260 


62451 


16 




45 


37600 


9S737 


38863 


61137 


01263 


62400 


15 




46 


37552 


98734 


3^18 


61082, 


01266 


6:?348 


14 




47 


37703 


98731 


38972 


61028 


01269 


62297 


13 




48 


37755 


' 98728 


39027 


. 60973 


01272 


62245 


12 




49 
50 


37806 
9.37858 


98725 
9.98722 


39082 


60918 


01 J75 


62194 


11 


4 


9.39136 


10.60864 


10.01278 


10.62142 


10 




51 


37909 


98719 


39190 


60810 


01281 


62091 


9 


, 


52 


37960 


987li 


39245 


6O755 


01285 


> 62040 


8' 


■ 


^3^ 


38011 


98712 


39299 


60701 


01288 


61989 


7 




54 


38062 


98709 


39353 


60647 


01291 


61938 


6 




55 


38113 


98706 


39407 


60593 


01294 


61887 


5 




56 


38164 


987031 


' 39461 


60539 


01297 


61836 


4 


■* 


57 


38215 


98700 


39515 


60485 


01300 


61785 


3 


i 


58 


38^6 


98697 


39569 


60431 


01303 


. 61734 


2 


% 


59 


38317 


- 98694 


39623 


60377 


01306 


61683 


1 


■i 


60 


38368 


98690 


39677 


60323 
Taiij^- 


01310 


6I632 









Co«sine. 


Sine. 


Co-tang. 


ICo-secant 


Secant 


M. 


4 






« 


> 


76 De 


grees. 







ISS Artiftcial Sioes, TaDg. and Sec. 14 Dcjgrees. 



-M- 


Sme 


Co-lne. 


T.n^. 


Co-LnR. 


SecBiit. 
1551310 


10.il633 


_ 


-T- 


9.383Sa 


9.98690 


9J9677 


10.60333 


61 




38418 


98687 


39731 


6026f 


81313 


61S82 


Si 


3 


38469 


98684 


39785 


60ei5 


01316 


61531 


51 


3 


38519 


98681 


39838 


t>0163 


01319 


61481 


A 


4 


38570 


98678 


39892 


60108 


01322 


61430 


a 


5 


38A20 




399^5 


60055 


01325 


61380 


& 


6 


38670 




M9S9 


60001 


01329 


61330 


5- 


T 


38721 




40052 




01332 


61279 


X 


8 


3B77« 


98665 


40106 


59894 


01335 


61229 


5'. 


9 


58P^I 


98662 


40159 


59841 


_ 01338 


61179 


51 


10 


-pjasTi 


9.98659 


~9Am2 


10J9788 


10.013*1 


10.6U29 


s. 


II 


38921 


^656 


40266 


59734 


01344 


61079 


4! 


12 


38971 


98652 


40319 


' 59681 


01348 


61029 


41 


12 


39021 


986« 


40372 


59638 


01351 


60979 


« 


14 


39071 


98646 


40425 


59575 


01354 


60929 


4< 


15 


39121 


98643 


40478 


59533 


01357 


60879 


4; 


16 


38170 


98640 


40531 


59469 


01360 


60830 


4< 


17 


39220 


98636 


40584 


59416 


01364 


60780 


« 


18 


39270 


98633 


40636 


59364 


01367 


60730 


4: 


19 


39319 


98630 


40689 


59311 


01370 


60681 


4' 


-^ 


"935565 


9.9863? 


"5:43743 


10.59258 


10.01373 


"10.«)631 


"5 


21 


39418 


98623 


40795 


59305 


01377 


sosm 


3! 


22 


39467 


98620 


40847 


59153 


01380 


60533 


* 


23 


39517 


98617 


40900 


59100 


01383 


60483 


3; 


34 


39566 


98614 


40952 


59048 


■01386 


60434 


31 


25 


39615 


98610 


41005 


58995 


01390 


60385 


3, 


36 


39664 


98607 


41057 


58943 


01393 


60336 


3. 


27 


39713 


98604 


41109 


58891 


01396 


6a3«7 


s: 


28 


39762 


98601 


41161 


58839 


01399 


60238 


s 


29 


39811 


98597 


41214 


58786 


01403 


60IB9 


31 


■sT 


9.39860 


9.98594 


"9.41266 


15:58734 


10.01406 


10.60140 


3( 


31 


39909 


98591 


41318 


58682 


01409 


60091 


21 


32 


39958 


98588 


41370 


58630 


- 01413 


60042 


m 


33 


40006 


98S84 


41422 


58478 


01416 


59994 


33 


34 


40055 


98581 


41474 


58S26 


01419 


59945 


3( 


35 


40103 


98578 


41536 


S8474 


01423 


59897 


2; 


36 


40152 


98S74 


41578 


58422 


01426 


59848 


2- 


3r 


40500 


98571 


41629 


58371 


01429 


59800 


2: 


38 


40349 


98568 


41681 


5831(1 


01433 


59751 


31. 


39 


40297 


98.t6S 
9.98561 


41733 
"9ST784 


58267 


01435 


59703 


21 

-20- 


1o 


9.40346 


10J8216 


10.01439 


10:59654 


41 


40394 


■ 98558 


41836 


58164 


01442 


59606 


19 


43 


40442 


98S53 


41887 


58113 


01445' 


59558 


18 


43 


40490 


98551 


41939 


58061 


01449 


59510 


17 


44 


40538 


98548 


41990 


S8010 


01452 


59462 


16 


45 


405S6 


98545 


43041 


57959 


01455 


394U 


15 


46 


40634 


98541 


42093 


57907 


01459 


-69366, 14 t 


47 


40683 


98538 


42144 


57856 


01462 


59318 


13 


48 


40730 


98535 


, 42195 


57805 


0J465 


59270 


13 


49 


40778 


98531 


432«. 


57754 


01469 


59223 


11 


"so" 


9 40825 


998528 


9.43297 


iO 57703 


10.01472 


110,59175 


To" 


51 


40873 


98535 


42348 


57652 


01475 


59127 


9 


52 


40931 


98521 


42399 


57601 


01479 


59079 


8 


S3 


40968 


98518 


43450 


S7550 


01482 


59032 


7 


54 


41016 


98515 


42501 


67499 


01485 


58984 


6 


55 


41063 


98511 


43552 


57448 


01489 


58937 


S 


56 


41111 


98508 


42603 


57397 


01493 


58B89 


4 


57 


41158 


■ 98S05 


43653 


57347 


- 01495 


58842 


3 


58 


41205 


98501 


42704 


57S96 


01499 


58795 


2 


59 


41252 


98498 


43755 


57345 


01502 


58748 


1 


z 


41300 


98494 


43805 


57195 


01506 


58700 





Co-Bine. 


Sine. 


Tang. 


Co.»ecant 


Secant. 


31 



7& JDegrees, 



Artifieial 





Tsr 


Sine. 


Co-sine* 


T^»^offent. 
9.4)IS05 


Co-tang. 


Secant. Co-secant 


60 







9.41300 


9.98494 


1057195 


10.0150^ 10.58700 




1 


41347 


98491 


43&S6 


'57144 


Oa509' 


58653 


59 




3 


41394 


^ 98488 


4290ti 570941 


01512 


58606 


58 




3 


41441 


98484 


43957 


57043 


0151^ 


'i5d559 


57 


. 


4 


41488 


98481 


43007 


'56993 


01519 


5^12 


56 




5 


/ 41535 


98477 


43057^ 


5(943 


01523 


58465 


55 


• 


6 


41582 


96474 


43108 


56^2 


01526 


58418 


54 




7 


41628 


98471 


43158 


56841 


L 01529 


58373 


53 




8 


41675 


98467 


43308 


'56792 


01533 


58335 


52 




9 
10 


41732 


98464 


43358 


56742 


0^36 


418378 


51 




9.41768 


9:98460 


9.43308 


10.56693 


10.015^ 1^.582331 




11 


4?1815 


98JI57 


43358 


56643 


0154a 


^ 58185 


49 




13 


41861 


98453 


43408 


50593 


01547 


58139 


48 




13 


41908 


98450 


43458 


56543 


01550 


58092 47 1 




14 


41954 


98447 


43508 


56493 


01553 


'58046 46 1 




15 


• 42001 


98443 


43558 


56443 


0;i557 


. 57999 


45 




16 


42047 


98440 


43607 


'56393 


01560 


57953 


44 




^7 


43093 


98436 


43657 


56343 


01564 


^57907 


43 




18 


40140 


98433 


43707 


56293 


01^67 


57860 


43 




19 


49I86 


9d429 


43756 


56244 
10.56194 


01571 
10.01574 


57814 


41 

40 




9.42232 


9.98426 


9;43806 


10.57768 




21 


42278 


98422 


43855 


56145 


01578 


57722 


39 




^ 


42324 


98419 


43905 


56095 


01581 


57676 


38 




•33 


42370 


98415 


43954 


36046 


01585 


5^630 


^ 




24 


43416 


^412 


44004 


55996 


01588 


57584 


Si& 


< 


. 25 


43461 


98409 


44053 


55947 


01591 


57539 


35 




26 


42507 


98405 


44102 


' 55B98 


04595 


57493 


34 




27 


42553 


98402 


44151 


55849 


01598 


57447 


33 




/2a 


,43599 


^398 


44201 


55799 


01603 


57401 


32 




39 
^0 


42644 


98?95 


44^50 


5Sr50 


* 01605 
1001609 


57356 


31 

30 


• 


9.43690 


9.98391 


9.44^9 


10^5701 


10.57310 




3(1 


42735 


•98388 


44348 


$5652 


01612 


57265 


39 




32 


43781 


' 98384 


44397 


. 55603 


01616 


57219 


38 




a*? 


43836 


Q«I381 


44446 


3S5S4> 


01619 


57174 


37 




34 


42872 


98377 


44495 


S5505 


01623 


57128 


26 




35 


43917 


98373 


44544 


55456 


01627 


57083 


25. 




36 


43962 


98370 


44593 


554C^8 


.01630 


57038 


S4 




37 


43008 


98366 


44641 


55359 


01634 


56993 


33 




38 


43053 


98863 


44690 


55310 


01637 


56947 


23 




89 

40' 


43098 


98359 


V 44738 


55262 


01641 


56903 


31 

30 




943143 


9^98356 


9.44787 


10,55213 


10-01644. 


10.56857 




41 


43188 


98352 


.44836 


55164 


01648 


56813 


19 




42 


42233 


. '9a349 


44884 


55116 


0^651 


56767 


18 




43 
44 


4sm 

43333 


■98345 
98342 


44933 
. 44981 


530^7 
55019 


01655 
01658 


56733 
5^77 


17 

16 




45 


43367 


98338 


•45039 


-54971 


' 01662 


, 56633 


15 




46 


. 43413 


98334 


45078 


54933 


01666 


56588 


14 




47 


43457 


98331 


45126 


54874 


01669 


56543 


13 




48 


43563 


98327 


' 45174 


54826 


01673 


56498 


13 




49 ^ 
50 


43546 


, . 98324 


45222 


54778 


01676 


56454 


11 
10 




9,435^ 


9.983^26 


9.45271 


ia54729 


10.01680 


10.56409 




51 


436S5 


.98317 


45319 


54681 


01683 


56365 


9 




52 


. 43680 


98313 


4^67 


54633 


01687 


56320 


8 


• 


53 


43724 


98309 


45415 


54585 


01691 


56276 


7 




54 


4^69 


' 98306 


4ib463 


54537 


01694 


'56231 


6 




55 


43813 


98302 


45511 


54489 


01698 


56187 


5 




56 


' 43857 


98399 


' 45559 


54441 


- 01701 


56143 


4 




S7 


43901 


08295 


45606 


54394 


01705 


56099 


3 




J8 


43^46 


98291 


45654 


54346 


01709 


56054 


2 




59 


45990 


98288 


45702 


54298 


01712 


56010 


1 




60 


44034 


98284 


45750 


54250 


01716 


55966 





i 


Co-sine. 


Sme. 


Co-tang". 


Tangent 


Co-secantj Secant. 


M. 










7^U 


^ egr^es. 









124) Artificial Siiies^ Tang, and Set^ lt5 Degrees. 



M. 


Sine. 


Co-line. 


Tangent. 
9.45750 


Co-tang 
10.5/250 


Secant. 


Co-seCant 


m 





9.44034 


9.98284 


10.01716 


10.55966 


^ 


1 


44078 


98281 


45797 


54203 


01719 


55922 


59 


2 


44122 


98277 


45845 


54155 


01723 


S5%7H 


5& 


3 


44166 


98273 


45892: 


' 54108 


01727 


55834 


57 


4 


44210 


98270 


459i0 


. 54060 


P1730 


55790 


56 


5 


44253 


98266 


4/^87 


54013 


01734 


55747 


55 


6 


44S97 


98262 


46035 


53965 


01738 


55763 


54 


7 


44341: 


98259 


46082 


53918 


- 01741 


55659 


53 


, 8 


44385 


98?55 


46130 


53870 


^01745 


55615 


52 


9 

io 


'44428 


J»251 


46177 


53823 


01749 i 


55572 


51 

50 


9.44472 


9.98248 


9.46224 


10.53776 


10.01752 


10.55528 


11 


44516 


98244 


46271 


53729 


. 01756 


55484 


49 


12 


44559 


98240 


46319 


53681 


O1760 


55441 


48 


13 


44602 


98237 


46366 


53634 


01763 


55397 


47 


U 


44646 


98233 


46413 


53587 


01767 


55354 


•46 


15 


44689 


98229 


46460 


53540 


01771 


55311 


45 


16 


44733 


98226 


44507 


53493 


01774 


55267 


44 


17 


44776 


98222 


46554 


53446 


0177a 


55224 


43 


18 


44819 


98218 


46601 


53399 


01782^ 


55181 


42 


19 


44862 


98215 


46648 


$3352 


01785 
10.01789 


551?8 


41 
40 


So 


9^905 


9.982U 


9.46694 


10.53306 


10.55095 


21 


44948 


98207 


46741 


53259 


01793 


55052 


39 


22 


44992 


98204 


46788 


53212 


01796 


55008 


38 


23 


45035 


98200 


46835 


53165 


01800 


54965 


37 


24 


45077 


98196 


. 46881 


53 U9 


01804 


54923 


>36 


25 


45120 


98192 


46928 


53072 


01808 


, 54880 


35 


26 


45163 


98189 


46975 


53025 


01611 


54837 


34 


27 


45206 


98185 


47021 


52979 


'01815 


54794 


33 


28 


45249 


98181 


47068 


52932 


01819 


54751 


32 


29 
30 


. 45292 


98177 


47114 


52886 


01823 


54708 


31 
30 


9.45334 


9.98174 


9.47160 


10.52840 


10.01826 


10.54666 


31 


45377 


981/0 


47207 


52793 


01830 


5462a 


29 


32 


45419 


98166 


47253 


' 52747 


01834 


54581 


28 


33 


45462 


98162 


47299 


52701 


01838 


54538 


27 


34 


45504 


98159 


47346 


52654 


01841 


54496 


26 


35 


45547 


98155 


47392 


52608 


-01845 


. 54453 


25 


36 


45589 


98151 


47438 


. 52562 


01849 


54411 


24 


37 


45632 


98147 


47484 


52S16 


01853 


54368 


23 


38 


45674 


98144 


47536 


52470 


01856 


54326 


22 


39 


45716 


98U0 


47576 


52424 


01869 


54284 


21. 

20 


40 


9.45758 


9.98136 


9.47^3 


10.53378 


10.01864 


10.54242 


41 


45801 


98132 


47668 


52332 


01868 


54199 


19 


42 


45843 


98129 


47714 


S2286 


01871 


54157 


18 


43 


45885 


98125 


47760 


52240 


01875 


54115 


17 


44 


45927 


98121 


47806 


52194 


01879 


54073 


16 


45 


45969 


98117 


47852 


52146 


01883 


54031 


15 


46 


46011 


98113 


47897 


•52103 


0188^ 


. 53989 


14 


47 


46053 


98110 


47943 


52057 


01890 


53947 


IS 


4t> 


46095 


98106 


47989 


- 52011 


' 01894 


5390s 


12 


49 
50 


46136 


981U2 
9.98098 


48035 


51?65r 


' .01898 


^ 53864 


To 


9.46178 


~948080' 


10 51920 


10.01902 


10.53822 


51 


46220 


98094 


48126 


51874 


. 01906 


53780 


v9 


62 


46262 


98090 


48171 


51829 

5178S 


01910 


53738 


8 


53 


46303 


98087 


48217 


J01913, 


53697 


7 


54 


46345 


98083 


48262 


^1738 


01917 


53655 


6 


55 


46386 


98079 


48307 


51693 


01921 


53614 


5 


56 


. 46428^ 


98075 


48353 


51647 


■ 01925 


53572 


4 


57 


46469 


98071 


48398 


51602 


01929 


53531 


3 


58 


465U 


98067 


4844i 


51557 


01933 


^ 53489 


2 


59 


A/6552 


98063 


48489 


51511 


01937 


53448 


*1 


60 


46594 


9806G 
Sine. 


48534 

XJo-tang 


51466 


^ 01940 


53406 







Co-sinp. 


Tangent. 


Co-secant 


Secant. 


M. 








73 1> 


egrees* 






> ^ ' 



Artiftdal Sicies, Tang; aud Sec. 17 Begrees. 185 



"ST 





1 

9 

■ 3 
4 
5 

9 



10 
11 
12 
13 
14 

H 
16 

It 

18 
19 



20 

.21 

%i 

23' 

24 

25 

26 

27 
918 
29 



30 
Si 
32 
33 
34 
.35 
36 
37 
38 
39 



40 
41 
42 
43 
44 
45 
46 
47 
48 
49 



(' 



50 
51 
52 
53 

54 
55 

se^ 

57 
584 
S9 
60 



L 



9.46594 
46635 
46676 
46717 
46758 
46800 
46841 
46882 
46923 
46964 

9.47005 
47045 
47086 
47127 
47168 
47209 
^ i7?49 
47290 
47330 
47371 

9.47411 

^7452 
47492 
47533 

- 47573 
47613 

' 47654 

47694 

>7734 

47774 



Co-sine. 1 Tangent , j Co«tang. [S ecant T" Co -secant 



9.97982 
97978 
97974 
97970 
97966 
97962 
W958 
979^4 
S7950 
97946 

9.478H|-. "3:97942 



47854 

478941 

47934 

47974 

48014 

48054 

48094 

48133 

48173 

■9.48213 

48252} 

,48292 

. 48332 

48371 

4841J 

48450 

48490 

,48529 

48568 



,9.48607 
48647: 
^8686 
48725 
48764 
48803 

48842 
48881 
48920 
48959 
.48998 



9.98060 
98056 

98055 
98048 
98044 
98040 
98036 
98032 
.9B029 
98025 



9.98021 

98017 
^ 98013 
98009 
98Q05 
98001 
979971 
97993 
97989 
- 97986 



97938 
97934 
97930 
' 97926 
9^922 
9791« 
97914 
97910 
97906 

^,97902 
97898 
97894 

. 97890 
97886 
97882 
'978^8 
97874 

: 97m 

s97866 

"^.§?561 
97857 

• ^ 97853 
97849 
97845 
- 97841 
V 97837 
97833 
97829 
97825 
97821 



Co. sine. I Sjne 



9.48534 10.51466 



48579 
48624 
48669 
48714 
48759 
48804 

48849 

48894 

,48939 

-C-r 



,9.489184 
49029 
49073 
49118 
49163 
49207 
49252 
49296 
49341 
49385 

"9.49455 
49474 
49519 
.49563 
49607 
49652 
49696 
49740 

, 49784 
' 40828 



-' 



9.49872 
49916 
49960 
^50004 
50048 
50092 
50136 
50180 
50223 

. .50267 



9.50311 
50355 

50398 
50442 

. 50485 
50529 

, 50572 
50616 
50659 
50703 



9.50746 
* .50789 
. 50833 
50876 
50919 
50962 
51005 
51048 
51092 
51135 
51178 

Co-tang. 



51421 

51376 

51331 

51286 

51241 

^1196 

51151 

5U06 

51061 



10.51016 
50971 

, 50927 
50882 
50937 
50793 

. 50748 

50704 

50659 

. 5061^ 



10-5Q570 
50526 
50481 
50437 
V 50393 
. 50348 
50304 
50260 
50216 
50172 



^0.5t)l28 

50084 

50040 

49996 

.49952 

. 49908 
49864^ 
49820 

49777 
49733 



ia49689 
49645 
49602 
49558 
49515 
49471 
494^ 
49584 
49341 
49297 



10.49254 
49211. 
49167 
49124 
49081 
490^8 
48995' 
48952 
4^908 
48865 
48822 

Tangent. 



10.01940 
01944 
01948 
01952 
01956 
01960 
01964 

01967 
01971 
01975 



10.01979 
01983 
01987 
ai991 
01995 
Q1999 
02003 
02007 

, 0201 1 
02PU 



10.02018 
0202? 
02026 
0203Q 
02034 
'02038 
02042 
02046 
O2G50 
02054 



loloSoEs 

02062 
02066 
02070 
02074 
02078 
02082 
02086 
,02090 
, 02094 



1002098 

02102 

02106 

, 02110 

, 02114 
02118 
02122 

.'02126 

02130 

^ 02134 



} 10.02139 
02143 
02147 
02151 
02155 
02159 
.02163 
02167 
^ 02171. 
02175 
02179 



Co-secant 



j i I ^ III <iii»i I 



10.53406 
53365 
53324 
53283 
53242 
53200 
53159 
53U^ 
>53iJ77 
53036 



10.52995 
52955 
52914 
52873 
52832 
52791 
. 52751 

. 52710 
52670 
52629 

155^589 
5^548 
52508 
52467 
52427 
52387 
52346 
52306 
52266 
52226 

10.52186 
5^X46 
52106 
52066 
52026 
51986 
51946 
51906 
51867 
51827 



10*51787 
51748 
51708 
51668 
51629 
51589 
51550 
51510 
51471 
51432 

10.51393 
,51353 
51314 
51275 

. 51236 
51197 
51158 
51119 
51080 
51041 
51002 



Secant. 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 



50 
49 
48 
47 
46 
45 
.44 
43 
'42 

IL 

40 

39 
38 
37 
36 
35 
34 
35 
32} 

il 

30 
29 
28 
27 
26 
25 
24 
23 
22 
21^ 

20 

19 

18 

17^ 

16 

15 

14 

13 

12 

11 



10 
9 
8 
7 
•6 
5 
4 
3 
2 
1 


M. 



72 Degi*Qe9. 



ISO Artificial SinM^ Tang, and Sec.^ i8 Degrees. 



1 M. 


Sine. 


Co-«ine. 


Tangent. 


Co-tang. 


Secant. 


Co-se6iuit 







9.48998 


9.97821 


9.51178 


10.48822 


10.02179 


10.510CI 


60 


1 


49037 


97817 


51221 


48779 


02183 


50963 


.59 1 


2 


49076 


97812 


51264 


48736 


02188 


50924 


58 1 


3 


49115 


97808 


51306 


48694 


08192 


50685 


5r 


4 


49153 


97804 


51349 


48651 


0^196 


50647 


St 


5 


49192 


97800 


51392 


48608 


02200 


50808 


55 


6 


49231 


97796 


51435 


48565 


02204 


50769 


54 


7 


49269 


97792 


51478 


48522 


02208 


50731 


53 


8 


4930S 


97788 


51520 


48480 


02212 


50692 


52 


^, 


49347 


' 97784 


51563 


48437 


02216 


50653 


51 
50 


10 


9.49385 


9.97779 


9.51606 


10.48394 


10.02221 


10.50615 


U 


49424 


97775 


51648 


48352 


02225 


50576 


49 


12 


49462 


97771 


51691 


48309 


02229 


50538 


48 


13 


49500 


97767 


51734 


48266 


02233 


50500 


47 


14 


49539 


' 97763 


5J776 


48224 


02237 


50461 


46 


15 


^ 49577 


97759 


51819 


48181 


02241 


50423 


45 


16 


49615 


97754 


. 51861 


48139 


02246 


50385 


44 


ir 


49654 


97750 


51903 


48097 


02*^50 


50346 


43 


18 


49692 


97746 


51946 


48054 


0^54 


50308 


42' 


19 

20 


49730 


« S7742 


51988 


48012 


' 02258 


50270 


41 

40 


9.49768 


9.97738 


9.52031 


10.47%9 


10,02262 


10.50232 


21 


49806 


97734 


52073 


47927 


02266 


d|0194 


39 


22 


49844 


97729 


52115 


47885 


02271 


50156 


38 


23 


'49382 
49^20 


97725 


52157 


47843 


02275 


50118 


37 


24 


97721 


52200 


47800 


02279 


;50080 


36 


25 


49958 


97717 


52242 


' 47758 


02283 


50042 


35 


26 


49996 


97*713 


52284 


47716 


' 02287 


50004 


34 


27 


50034 


97708, 


52326- 


• 47674 


02292 


49966 


33 


28 


500r2 


97704 


52368 


47632 


02296 


49928 


32 


29 


50110 


97700^ 


52410 


47590 


02S00 


49890 


31 
30 


30 


^.50148 


9.97696 


^9.52453 


10.47548 


10.02304 


10.49852 


31 


50185 


97691 


52494 


47506 


02309 


49815 


29 


32 


50223 


976^7 


52536 


47464 


02313 


, 49777 


28. 


33 


50261 


97683 


52578 


474J2 


0^17 


' 49739 


3fr^ 


34 


50298 


97679 


52620 


47380 


02321 


49702 


26 


35 


50336 


97674 


52661 


47339 


02826 


49664 


25 


36 


50374 


97670 


52703 


' 47297 


02330 


49626 


24 


37 


50411 


97666 


. 52745 


47255 


02334 


49589 


23, 


38 


50449 


97662 


52787 


47213 


02338 


49551 


22 


39 


50486 


97657 


52829 


47171 


02343 


49514 


21 

20 


40 


9.50523 


9.97653 


9.52870 


1047130 


iomu7 


10.49477 


41 


50561 


97649 


52912 


47088 


02351 


49439 


19 


42 


' 50598 


97645 


52953 


47047 


02355 


49402 


18 


43 


50635 


• 97640 


52995 


47005 


' 02360 


49365 


17 


44 


50673 


97636 


53037 


46963 


02364 


49327 


16 


45 


50710 


97632 


53078 


- 46922 


02368 


49290 


15 


46 


50747 


97628 


53120 


46880 


02372 


49253 


14 


47 


50784 


97623 


- 53 161 


46839 


0'2S77 


'' 4^216 


13 


48 


50821 


97619 


53202 


46798 


02381 


49179 


12 


49 
50 


50858 


97615, 


. 53244 


. 46756 


02385 


49142 


11 
10 


9.50896 


9.97610 


9.53285 


10.46715 


10.02390 


10A9104 


51 


50933 


97606 


.53327 


46673 


02394 


49067 


9 


52 


50970 


97602 


. 53368 


46632 


02398 


49030 


8 


53 


51007 


97697 


53409 


46591 


02403 


48993 


r 


54 


, 51Q43 


97593 


53450 


46550 


' 02407 


48957 


6 


55 


51080 


97589 


53492 


46508 


02411 


48920 


5 


56 


51117 


97584 


5353,3 


46467 


02416 


48883 


4 


57 


51154 


97580 


53574 


46426 


02420 


48846 


3 


58 


51191 


97576 


53615 


46385 


02424 


48809 


3 


59 


51227 


97571 


5:i65t 


46344 


02429 


48773 


1 


60 


51264 


97567 


53697 
Co-teng. 


4^03 


02433 


48736 





Co-sine. 


Sine. 


Tangent. 


Co-secant 


Secant. 


M. 








711 


degrees. 









Artificial Sines^ Tang, and Sec* 19 Degrees. 1S7 



M. 




Sine. 


CcMiine. 


Tang. 


CbUtfig. 


Secant, i 


Co-secant 


60 




9.51264 


9.97567 


9.53697 


10.46303 


10.02433 


10.48736 




1 


51301 


97563 


53738 


46262 


02437 


48699 


59 




2 


.51338 


97558 


53779 


46221 


02442 


•48662 


58 




3 


51374 


97554 


53820 


46180 


02446 


48626 


57 




4 


51411 


97550 


53861 


46139 


02450 


48589 


56 




5 


51447 


97545 


53902 


46098 


02455 


48553 


55 




6 


51484 


97541 


53943 


46057 


02459 


48516 


54 




7 


51520 


97536 


53984 


46016 


02464 


48480 


53 




8 


51557 


97532 


54025 


45975 


02468 


48443 


52 




9 

i6 


'51593 


97528 


54065 


45935 


02472 


48407. 


51 

50 




T.51629 


9.97523 


9.5^106 


10.45894 


10.02477 


10.48371 




U 


516^6 


97519 


54147 


. 45853 


02481 


48334 


49 




12 


51702 


97515 


54185' 


45813 


02485 


48298 


48 




13 


51738 


97510 


54228 


45772 


0^490 


48262 


47 




U 


•51774 


97506 


54269 


45731 


02494 


48226 


46 




15 


51811 


97501 


54309 


45691 


02499 


48189 


45 




16 


51847 


97497 


54350 


45650 


02503" 


48153 


44 




17 


51883 


97492 


54390 


45610 


02508 


48117 


43 




18 


51919 


97488 


. 54431 


. 45569 


02512 


48081 


42 




Id 

20* 


51955 


97484 


54471 


45529 


02516 


48045 


41 

40 




9.51991 


9 97479 


9.54512 


10.45488 


10.025^1 


10.48009 




21 


520^7 


97475 


54552 


45448 


02525 


47973 


39 




.32 


52063 


97470 


54593 


45407 


02530 


47937 


38 




23 


52099 


97466 


54633 
' 54673 


45367 


02534 


47901, 


37 


' 


24 


' 52135 


97461 


45327 


02539 


47865 


36 


1 


25 


52171 


97457 


54714 


45286 


0^43 


47829 


35 




26 


52207 


, 97453 


54754 


45246 


02547 


47793 


34 




27 


52242 


97448 


54794 


45206 


02552 


47758 


33 




28 


52278 


97444 


54835 


45165 


02556 


47722 


32 


• 


29, 
'30 


52314 


97459 


• ^4875 


45125 


02561 
10:02565 


47686 


31 

,30 




9.52350' 


9.97435 


9.54015 


10.45085 


10.47650 




31 


52385 


97430 


54955 


45045 


02570 


47615 


29 


■ 


32 


52421 


.97426 


54995 


45005 


02574 


47579 


28 




■33 


52456 


97421 


55035 


44965 


02579 


47544 


27 




34 


52492 


* 97417 


$s(yr5 


44925 


02583 


47508 


26 




35 i 


52527 


97412 


55115 


44885 


02588 


47473 


25 




m 


52563 


97408 


55155 


44845 


02592 


47437 


24 




37 


52598 


97403 


55195 


44805 


02597 


47402 


23 




38 


52634 


97399 


. 55235 


44765 


02601 


47366 


22 




39 
40 


52669 


97394 


. 55275 


44725 


02606 


' 47331 


21 

20 




9.52705 


9.97390 


9.55315 


10.44685 


10.02610 


10.47295 




41 


52740 


97385 


55355 


44645 


02615 


47260 


19 




43 


^S2rr5 


97381 


'55395 


44605 


02619 


47225 


18 




43 


52811 


"97376 


55434' 


'44566 


02624 


47189 


17 




44 


. 52846 


.97372 


55474 


44526 


02628 


- 47154 


16 




45 


52881 


97367 


55514 


44486 


02633 


47119 


15 




46 


52916 


97363 


5555^ 


44446 


02637 


47084 


14 




47 


52951 


, 97358 


55593 


44407 


02642 


47049 


13 




48 


52986 


97353 


55633 


44367 


02647 


47014 


12 




49 


53021 


97349 


55673 


^ 44327 


02651 


46979 


11 

10 




50 


9.53056 


9.97344 


9.5571.2 


10.44288 


10.02656 


10.46944 




51 


53092 


97340 


55752 


44248 


02660 


46908 


9 




52 


53126 


97335 


55791 


44209 


02665 


46874 


8 




53 


53161 


97331 


^5831 


44169 


02669 


46839 


7 




54 


53196 


97326 


55870 


44130 


02674 


46804 


6 




S5 


53231 


97322 


55910 


44090 


02678 


46769 


5 




56 


53266 


07317 


55949 


' 44051 


02683 


46734 


4 




57 


53301 


97312 


. 55989 


44011 


02688 


46699 


3 




58 


^3336 


97308 


56028 


43972 


02692 


46664 


2 




59 


53370 


97303 


56067 


43933 


02697 


46630 


1 




.60 

'1 


53405 


97299 


56107 


43893 


02701 


46595 



M. 




•Co-sine. 


Sine: 


CQ-tang. 'Tapgeiiit. | 


Go-sec3ni 


SecanC. 








70 J} 


tegrees. 






•1 



1S8 Artificial Sines^ Tang, and Sec. W Degrees.' 



M. 


Sine. 


Co-sine- 


Tmibc- 


Co-tiLng^« 


Secantv 


Qo-secant 


1 





953405 


9.97299 


9.56107 


10.43893 


10.02701 


10A6395 


60] 


1 


53440 


97294 


i 56146 


43854 


O2706 


'.46560 


59 1 


2 


53475 


97289 


56185 


43815 


02711 


46525 


58 


3 


53509 


97285 


56234 


43776 


02715 


46491 


57 


4 


535i4 


97280 


56264 


* 43736 


02720 


46456 


set 


5 


53^78 


97276 


56303 


43697 


D2724 


4642[2 


55 


.6 


53613 


97271 


56342 


43658 


02729 


46387 


54 


7 


53647 


- 97266 


'56381 


43619 


02734 


46353 


53 


8 


53682 


97262 


56430 


43580 


02738 


46318 


52 


9 

10 


53716 


97257 


56459 


43541 


02743 


46284 


51 

50 


9.53751 


9.97252 


9.56498 


10*43502 


ia02748 


10.46249 


11. 


53785 


97248 


56537 


43463 


02752 


46215 


49 


12 


53819 


97243 


56576 


43424 


02757 


46181 


m 


13 


53854 


97238 


56615 


43385 


02762 


46146 


47- 


14 


53888 


97234 


56654 


43346 


02766 


46112 


46- 


15 


53922 


97229 


56693 


- . 43307 


^ 02771 


,46078 


45^ 


16 


53957 


97224 


56732 


43268 


02776 


46043 


44 


17 


539^1 


97220 


, 56771 


43229 


02780 


460^9 


43 


18 


54025 


97215 


66810 


'43190 


02785 


45975 


42 


19 

"20 


54059 


97210 


56849 


43151 


- 02790 


45941 


41 , 
40 


9.54093 


9.97206 


9.56887 


10.43113 


10.02794 


10.45907 


21 


. 54J27 


97201 


' 569J^ 


f . 43074 


02799 


45873 


39 


22 


.54161 


97196 


56965 


'43035 


02804 


45839- 


38^ 


23 


54195 


. 97192 


57004 


42996 


. 09808 


- 45805 


'37 


24 


54229 


97187 


57042 


42958 


02813 


45771 


36 


25 


54263 


97182 


57081 


42919 


02818 


45737 


35 


26 


54297 


97178 


57120 


' 42880 


02822 


45703 


34. 


27 


54331 


^ 97173 


57158 


42842 


02827 


4566g 


^33 


28 


54365 


97168 


' 57197 


42803 


02832 


45635" 


32. 


29 


54399 


'97163 


57235 


42765 


02837 


45601 


31 
SQ 


30 


9.54433 


9.97159 


' 9.57274 


10.42726 


10.02841 


:i0.45567 


31 


54466 


•97154 


575J2 


42688 


02546' 


'45534 


29 


32 


. 54500 


97149. 
97 J 45 


57351 


42649 


P2351 


45500 


28' 


33 


54534 


57389 


42611 


02855 


45466 


27 


34 


54567 


97140 


57428 


4>2572 
42534 


02860r 


45433 


26 


35 


54601 


97135 


57466 


02865 


45399 


•25 


36 


54635 


97130 


57504 


42496 


02870 


45365 


24 


37 


54668 


• 97126 


57543 


4/457 


. 02^74 


45332 


23- 


38 


54702 


97121 


57581 


42419 


02879 


45298 


22 


39 
40 


54735 


97116 


- 57619 


' 42381 


' 02884 


45265 


21 
'20 


9.54769 


9.97111 


9.5765S 


10.42342 


10.02889 


10.45231 


41 


54802 


9?fl07 


57696 


42304 


02893 


45198 


19 


42 


54836 


97102 


57734 


42268 


' 02898 


45164 


18 


43 


54869 


97097 


57772 


42228 


O290a 


45131 


17 


44 


54903 


97092 


57810 


4 190 


D2908 


45097 


16 


45 


54936 


97087 


57849 


, 42151 


029^3 


45064 


15 


46 


54969 


97083 


Sr8S7 


^43113 


02917 


- 45031 


14 


47 


55003 


97078 


57925 


42075* 


02922 


44997 


13 


48 


55036 


97073 


;57963 


42037 


02927 


- 44964 


12 . 


49 
50 


55069 


97068 


58001 


' 41999 


02932. 


44931 


11 

10 


9.55102 


9.97063 


9.58039 


10.41961 


10.02937 


10.44898 


51 


55136 


97059 


58077 


- 41923" 


02941 


44864 


9 


52 


55169 


97054 


^ 58115 


" 41885^ 


02946 


44831 


8 


S3 


55202 


97049 


58153 


41647 


02951 


44798 


7 


54 


55235 


97044 


58191 


41809 


' 0?956 


44765 


6 


55 


55268 


97039 


58229 


41771 


0^961 


' 44732 


5 


56 


55301 


97035 


58267 


41733 


'. 03965 


. 44699 


4 


57 


55334 


' 97030 


58304 


41.696 


02970 


'44666 


3 


58 


55367 


97025 


58342 


41658 


- 02975 


44633 


2 


59 


55400 


97020 


' 58380 


41620 


02980 


44600 


1 


60 


55433 


97015 


58418 


41582 


.02985 


44567 


o4 


z: 


Co-sine, 


Sine. 


Co-tangf. 


Tanfrent. 


Cosecant. 


Secant^ 


M. 



Artificial Sines, Tang, and Sec. 81 Degrees. 139 



M. 


Sine. 


Co-sine. 


Timg- 


Co-tfttig. 


Secant. 


Co-secant 




> 





9.55433 


9.97015 


9.58418 


10.41582 


10.02985 


10.44567 


60 




I 


55466 


97010 


58455 


41545 


02990 


44534 


59 




2 


55499 


97005 


58493 


41507 


.02995 


44501 


58 




rt 
O 


55532 


97001 


58531 


41469 


02999 


44468 


57 




4 


55564^ 


96996 


58569 


41431 


-03004 


, 44436 


56 


/ 


5 


555^ 


96991 


58606 


41394 


03009 


44403 


'55 




6 


51630 


96986 


58644 


41356 


03014 


44370 


54 




7 


55663 


96981 


58681 


41319 


aioi9 


44337 


53 




8 


55695 


96976 


. 58719 


41$?81 


030^ 


44305 


$2' 




9 


55728 


* ^96971 


5S757 


41243 


03029 


44272 


51 

50 


, \ 


10 


9.55761 


^ 9,96966 


9.58794 


10.41206 


10.03034 


10.44239 




11 


55793 


^96962 


58832 


41168 


03038 


44207 


49 




12 


55826, 


, '96957 


58869 


41131 


03043 


44174 


48 




13 


55858 


96952 


58907 


41093 


03048 


44142 


4sr 


' 


14 


55891 


. 96947 


58944 


41056 


03053 


44109 


46 




15 


55923 


96942 


58981 


41019 


03058 


44077 


45 




16 


55956 


96937 


, 59019 


40981 


03063 


44044 


44 




17 


55988 


96932 


59056 


40944 


.03068 


44012 


43 




18 


560^1 


96927 


59(m 


40906 


03073 


43979 


42 




19 
20 


5^53 


96922 


59131 


40869 


03078 


43947 


41 
40 




9.56085 


9.96917 


9,59168 


10.40832 


10:03083 


10.43915 


« 


21 


56118 


96912 


59205 


40795 


03088 


43882 


39 




22 


56150 


96907 


59243 


40757 


03093 


43850 


38 




23 


56182 


96903 


59280 


40720 


03097 


43818 


3/ 




24 


56215 


96898 


59317 


, 40683 


03l02 


43785 


S6 




25 


56247 


96893 


59354 


40646 


03107 


43753 


35 




26 


56279 


96888 


59391 


' 40609 


03112 


43721 


34 




2? 


56311 


96^ 


^ 59429 


. 40571 


03117 


43689 


33 




28 


56343 


96878 


594^ 


40534 


03122 


43657 


32 




29 


56375 


96873 


• 59503 


^ 40497 


03127 


43625 


31 

30 




w 


9,56408: 


. 996868 


9.59540 


10.40460 


10.03i32 


1043592 




31 


56440 


96863 


59577 


40423 


03137 


43560 


29 


J ^ 


32 


S6472 


96858 


59614 


40386 


03142 


43528 


28 




33 


56504 


96853 


59651 


40349 


03147 


43496 


27. 




34. 


56536 


96848 


59688 


40312 


03152 


43464 


26 




35 


56568 


96843 


. 59725 


40275 


03157 


43432 


25 


1 


36 


56599 


96838 


59762 


402aa 


03162 


43401 


24 




37 


56631 


96833 


59799 


40201 


03167 


43369 


23 




38 


56663 


96828 


5^835 


40)65 


03172 


43337 


22 




39 
40 


56695 


96823 


59872 


40128 


03177 


43305 


21 

20 




9.56727 


9.96818 


9.59909 


1040091 


10.03182 


10.43273 




^1 


56759 


96813- 


^ 59946 


40054 


03187 


43241 


19 




42 


56790 


96808 


59983 


40017 


03192 


43210 


18 




43 


56822 


. 96803 


60019 


39981 


03197 


43178 


17 




44 


5^854 


96798 


.^60056 


I 399^ 


03202 


43146 


16 




45 


56886 


96793,. 


, '^ 60093 


39907 


03207 


43114 


15 


/ 


46 


56917 


96788 


6Q130 


39870 


03212 


43083 


14 


■ 


47 


56949 


.^96783 


60166 


39834 


03217 


43051 


13 




48 


56980 


96778 


60203 


39797 


03222 


43020 


12 




49 

50 


57012 


96772 


60240 


39760 


03228 


42988 


11 

10 




9,57044 


9.96767 


9.60276 


10.39724 


10.03233 


10.42956 




51 


57075 


96762 


60313 


39687 


03238 


42925 


9 




52 


57107 


96757 


60349 


39651 


03243 


42893 


8 




53 


57138 


96752 


60386 


39614 


03248 


42862 


7 




54 


57169 


96747 


60422 


39578 


03253 


42831 


6 




55 


57201. 


96^42 


60459 


. 39541 


03258 


42799 


5 




56 


57232 


96737 


60495 


39505 


03263 


42768 


4 




57 


57264 


96732 


60532 


39468 


03268 


42736 


3 




58 


57295 


96727 


60568 


39432 


03273 


42705 


2 




59 


57326 


96723 


60605 


39395 


03278 


42674 


1 


. 


60 


57358 


96717 


* 60641 


39359 


03283 


42642 







- i 


C(Hune. 


Sine. 


Co-tang. 


Tangent. 


Co-secant 


Secant. 


M. 




f 


H 


• 


6$ Ue 




gPees. 


** • 

4 


\ 



180 Artificial Sinefl^ Tang. ati<l Sec. ^ Degrees. 



M 


SlOt- 


ij<>-iti>te. 


Tang. 


OMang. 


Secant. 


Co-«ecant 


"?0" 





957358 


9.90717 


9.60641 


10.39359 


10.03283 


10.42642 


1 


57389 


96711 


60677 


39323 


03289 


42611 


59 


2 


57420 


96706 


60714 


39286 


03294 


42580 


58 


3 


57451 


96701 


60750 


39250 


03299 


42549 


57 


4 


' 57482 


96696 


60786 


39214 


03304 


42518 


56 


5 


5T514 


96691 


60823 


39177 


03309 


42486 


55 


6 


575^5 


96686 


60859 


39141 


03314 


42^55 


54 


7 


57576 


96681 


60895 


39105 


03319 


42424 


53 


8 


57607 


96676 


60931 


39069 


03324 


42393 


52 


9 

10 


57638 


96670 


60967 
9.61004 


39033 


03330 


42362 


51 


9.57669 


9.96665 


10.38996 


10.03335 


10.42331 


50 


11 


57700 


96660 


61040 


38960 


03340 


42300 


49 


12 


57731 


96655 


61076 


38924 


03345 


42269 


48 


13 


57762 


96650 


61112 


38888 


03350 


42238 


47 


14 


57793 


96645 


61148 


38852 


03355 


42207 


46 


15 


57B24 


96640 


61184 


38816 


03360 


42176 


45 


16 


57855 


96634 


61220 


38780 


03366 


42145 


44 


17 


57885 


96629 


61256 


38744 


03371 


42115 


43 


18 


5791^ 


96624 


61292 


38708 


03376 


42084 


42 


19 
■*20 


57947 


96619 
9.96614 


61328 


38672 


03381 


42053 


41 

40 


9.57978 


9.61364 


10.386^6 


10.0^86 


10.42022 


31 


58008 


96608 


614O0 


38600 


03392 


41992 


39 


22 


58039 


96603 


61436^ 


38564 


03397 


41961 


38 


23 


58070 


96598 


61472 


38568 


03402 


41930 


37: 


24 


58101 


96593 


61508 


38492 


03407 


41899 


36 


25 


58131 


96588 


61544 


38456 


03412 


41869 


,^5 ' 


26 


58162 


96582 


61579 


38421 


03418 


41838 


34 


27 


58192 


96577 


61615 


38385 


03423 


41808 


33 


28 


58223 


96572 


61651 


38349 


03428 


41777 


32 


29 


58253 


96567 


61687 


38313 


03433 


41747 


31 
30 


30 


9.58284 


9.96562 


9.61722 


10.38278 


10.03438 


1Q.41716 


31 


58.114 


96556 


61758 


38242 


03444 


41686 


29 


32 


58345 


96551 


bl794 


38206 


03449 


41655 


28 


33 


58375 


96546 


61830 


38170 


03454 


41625 


27 


34 


58406 


96541 


61865 


38135 


03459 


41594 


26 


35 


58436 


96535 


61901 


38099 


03465 


41564 


25 


36 


58467 


96530 


* 61936 


38064 


03470 


41533 


24 


37 


58497 


96525 


61972 


38028 


03475 


41503 


23 


38 


58527 


96520 


62008 


37992 


03480 


41473 


22 


39 


58557 


96514 


-62043 


57957 


03486 


41443 
10.41412 


21, 

20 


40 


9.585g§ 


9.96509 


9.62079 


10.37921 


.10.03491 


41 


58618 


96504 


62114 


378S6 


03496 


41382 


19 i 


42 


58648 


96498 


62150 


37850 


03502 


413^2 


18 


43 


58678 


96493 


62185 


37815 


03507 


41322 


17 


44 


58709 


96488 


62221 


S77^9 


03512 


41291 


16 


45 


58739 


96483 


. 62256 


S774A 


03517 


41261 


15 


46 


58769 


96477 


62292 


37708 


03523 


41231 


14 


47 


58799 


96472 


6^:327 


37673 


03528 


41201 


13 


48 


58829 


96467 


62362 


37638 


03533 


41171 


12 


49 


58859 


96461 


62398 


37602 


0:5539 


41141 


11 

10 


50 


9^18889 


9.9ti456 


9 62433 


1037567 


10.03544 


10.41111 


51 


58919 


96451 


62468 


37532 


i)3549 


41081 


9 


52 


58949 


96.45 


62504 


37496 


035-55 


41051 


8 


53 


58979 


96440 


62539 


37461 


03560 


41021 


7 


54 


59009 


96435 


62574 


37426 


03565 


40991 


6 


55 


59039 


96429 


62609 


37391 


03571 


40961 


5 


S6 


59)69 


9t>424 


62645 


37355 


03576 


40931 


4 


ST 


59098 


96419 


62680 


37320 


03581 


40902 


3 


.58 


591 8 


96413 


62715 


37285 


03587 


. 40872 


2 


59 


59158 


96408 


62750 


37250 


0359^ 


40842 


1. 




59188 
Ca-aine. 


96403 


62785 
Co-tang. 


37215 
Tang. 


03597 


40812 





Sine. , 


Co-secant 


Secant. 


M. 
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M 


Sine. 


C« sint- 


Tangent 


Go-tang*. 


S^ant. 


Co-secant 


50 







9 5918.: 


9.96403 


9.62785 


10.37215 


10.035?)7 


10.41812 




1 


59/18 


96397 


62820 


37180 


s 03603 


40782 


59 




2 


59247 


963^:2 


6285^ 


37145 


03608 


40753 


58 




3 


59277 


96387 


62890 


37110 


03613 


40723 


sr 




4 


59307 


96381 


62926 


*^074 


03619 


40693 


56 




5 


59336 


96S76 


62961 


37039 


03624 


40664 


S& 




6 


59366 


96370 


6299^ 


37004 


<J3630 


40634 


54 




7 


59396 


96364f 


63031 


36969 


03635 


40604 


53 




8 


59425 


96360 


63066 


. 36934 


0364Q 


40575 


52 




9 


59455 


^6354 


63101 


36899 
10.36865 


03646 


t 40545 
1Sl40516 


51 
50 




9.58484 


9.96349 


" 9.63135 


ia03651 




11 


59514 


96343 


63170 


36830 


03fv57 


40486 


49 




12 


59543 


96338 


6320i 


36795 


Q3662 


40457 


48 




13 


59573 


96333 


63240 


36760 


Q3667 


40427 


47 




14 


59602 


96327 


63275 


36725 


03675 


40398^ 46 




15 


59632 


96322, 


63310 


36690 


03678 


^40368 45 




16 


59661 


96316 


63345 


36655 


03684 


40339 


44 




17 


59690 


96311 


63379 


36621 


03689 


40310 


43 




18 


59720 


96305 


63414 


36586 


03695 


40280 


43 


. 


19 

20 


59749 


96300 


63449 
9.63494 


36551 


03700 


40251 
10.40222 


41 

40 




9.59778 


9.96894 


iO.^6516 


10.03706 




21 


59S08 


96289 


63519 


36481 


03711 


40192 


39 




22 


.59837 


96284 


63553 


36447 


03716 


40163 


38 




23 


59866 


9627i5 


63588 


36412 


03722 


40134 


37 




24 


59895 


965^73 


63623 


36377 


03727 


40105 


36 




25 


59924 


96267 


63657 


36343 


03733 


40076 


35 




"26 


59954 


96262 


63692 


96308 


03738 


. 40046 


34 




27 


59983 


96256 


63726 


36274 


03744 


40017 


33 




28 


60012 


96251 


63761 


36239 


03749 


39988 


32 




29 
30 


60041 


96245 


. 63796 
9.63830 


36204 


03755 
1003760 


39959 


31 

30 




9.60070 


9.96240 


10.36170 


10.39930 




SI 


. 60099 


96234 


63865 


36135 


03766 


39901 


29 




32 


60128 


, 96229 


63H99 


. 36101 


03771 


39872 


28 




3^, 


60157 


96223 


63934 


36066 


<i'^777 


39843 


27 




34 


60186 


96218 


63968 


'36033 


03782 


39814 


26 




35 


60215 


96212 


64003 


35997 


03788 


39785 


25 




36 


60^44 
60fe73 


96207 


64037 


35963 


03793 


z'yt^ 


24 




^ 


96201 


640r2 


35928 


03799 


39727 


23 




S8 


60302 


96196 


64106 


35894 


03804 


39698 


22 




39 


60331 


96190 


64140 


35860 


03810 


39669 


21 

20 




40 


9 6o359 


9.96185 


9.64175 


10,35825 


10.03815 


10-39641 




41 


60388 


96179 


,64209 


35791 


03821 


39612 


19 




42 


60417 


96174 


64243 


35757 


03826 


39583 


18 




43 


60446 


96168 


64278 


35722 


03832 


39554 


17 




44 


60474 


96162 


64312 


35688 


03838 


39526 


16 




45 


60503 


96157 


64346 


35654 


03843 


39497 


15 




46 


6053!^ 


96151 


64381 


35619 


03849 


39468 


14 




■47 


60561 


96146 


64415 


35585 


03854 


39439 


13 




48 


60589 


96140 


64449 


35551 


03860 


39411 


12 




49 
50 


60618 


96135 


6448i 


35517 


03865 


39382 
10.39354 


11 

10 




9.6u646 


9.96129 


9.64517 


1035483 


10.03871 




51 


60675 


96123 


64552 


35448 


03877 


39325 


9 




52 


60704 


96118 


64586 


35414 


03882 


39296 


8 




53 


60732 


96112 


^64620 


35380 


0^888 


39268 


7 




54 


60761 


96107 


64654 


35346 


03893 


39239 


6 




55 


60789 


96101 


64688 


35312 


03899 


39211 


5 




56 


60818 


96095 


64722 


35278 


03905 


39182 


4 




57 


60846 


96090 


64756 


35244 


03910 


39154 


3 




58 


60875 


96084 


64790 


35210 


03916 


39125 


2 




59 


60903 


96079 


64824 


35170 


03921 


39097 


1 




60 


60931 


96073 


64858 


35142 


03927 


39069 









Oo-sine. 


Sine. 


Co-tang. 


Tangent. 


Co-secant 


Secant. 


M. 



6lf Degrees. 
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■^ 


Sine. 


Co-Bine 


T«iiBenl. 


Co-tang. 


Secant 


Cosecant 




-0 


9.60931 


9S6073 


9M858 


10.35142 


10,03927 


10:39069 






60»60 


96067 


64893 


35108 


03933 


390*0 






6098B 


96062 


64936 


35074 


03938 


39012 






61016 


960SJI 


64960 


35040 


0394* 


38984 






61045 


960i0 


64994 


.35006 


O39S0 


38955 






61073 


9W45 


65038 


34972 


03955 


38927 






61101 


96039 


65062 


34938 


03961 


38899 






61129 


96034 


65096 


3490* 


03966 


3SS71 






61158 


96038 


65130 


S4870 


03972 


33843 






611^ 


96022 


65164 

9.63197 


.34836 
10.34803 


03978 
i0.03983 


38814 




To" 


~9:5i5i4 


956017 


WJa786 




11 


61342 


960H 


65231 


34769 


03989 


38758 




12 


61270 


96005 


65365 


34735 


03995 


38730 




13 


6139S 


96000 


65399 


34701 


040U0 


38702 




U 


61336 


95994 


65333 


34667 


04006 


38674 




15 


61354 


95t»88 


65366 


34634 


04012 


38646 




16 


61382 


95982 


654O0 


34600 


04018 


38618 




ir 


61411 


95977 


65434 


34566 


04023 


38389 




18 


61438 


9S971 


65467 


34S33 


04029 


38561 




19 


61466 


9S965 


65501 


34499 


04035 


38534 




20 


9 61494 


9.95960 


9.65535 


10.i4465 


10j04O40 


10.38506 


■W 


31 


61522 


95954 


65568 


34432 


04046 


38478 


39 


22 


61550 


95948 


65602 


34398 


04053 


38450 


38 


■23 


61578 


- 95942 


65636 


34364 


04058 


38422 


37 


24 


61606 


SS937 


65669 


34331 


04063 


3639* 


36 


25 


61634 


95931 


^703 


34297 


04069 


38366 


33 


36 


61662 


95925 


65736 


34364 


04075 


36338 


34 


2r 


61689 


95920 


65770 


34230 


04080 


" 383U 


33 




617ir 


9S9U 


65803 


34197 


04036. 


38283 


32 


29 


61745 


95908 


65837 


34163 


,04092 


38255 


31 


M" 


9.6^773 


9.95902 


9.65870 


10.34130 


10.04098 


10.38227 


30 


31 


61800 


95897 


65904 


34096 


04103 


38306- 


29 


33 


61828 


95891 


65937 


34063 


MI09 


-38173 




33 


61836 


95885 


65971 


34029 


04115 


38144 


27 


34 


61883 


95879 


66004 


33996 


04121 


38117 


36 


35 


61911 


95873 


66038 


33963 


04127 


38089 


25 


36 


61939 


95868 


66071 


33929 


04132 


38061 


24 


37 


61966 


95863 


66104 


33896 


04138 


38034 


23 


38 


6199* 


95856 


66138 


33862 


04144 


38006 


22 


39 


62021 
9.63049 


95650 


66171 


33829 


04150 


37979 


21 


9.95844 


9.66204 


10J3796 


10.04156 


10.37951 


'W 


41 


62076 


95839 


66238 


33762 


04161 


3792* 


19 


42 


621(H 


95833 


66371 


33739 


04167 


37896 


18 


43 


63131 


95827 


66304 


■33695 


04173 


37869 


17 


44 


63159 


95821 


66337 


33663 


04179 


37841 


16 


45 


63186 


93815 


66371 


33629 


04185 


' 37814 


15 


46 


62214 


95810 


66404 


33596 


04190 


37786 


i.* 


47 


63241 


95804 


66437 


33563 


04196 


37759 


13 


4S 


62368 


95798 


66470 


33530 


04202 


37732 


12 


49 

■so- 


' 63296 


95792 


66503 


33497 


04308 


3770* 


It 

10 


9.62323 


9.93786 


■9"66537 


"10.33463 


10.04214 


10.3767"7 


il 


62350 


95780 


66570 


33430 


O4320 


37630 


9 


52 


62377 


95775 


66603 


3339? 


042^5 


37623 


8 


S3 


62405 


95769 


66636 


33354 


04231 


37595 


7 


54 


624J3 


95763 


G6669 


33331 


04237 


37568 


6 


55 


62459 


95757 


66702 


33298 


04243 


37541 


5 


56 


63486 


93751 


66735 


33265 


04349 


37514 


4 


57 


62513 


95745 


66768 


33232 


042S5 


37487 


. 3 


58 


62J41 


9.'*739 


66801 


33199 


04261 


37459 


3 


59 


62568 


95733 


66834 


33166 


04367 


37432 


. 1 


60 


6259 < 


95728 
Sine. 


66867 


33133 


04273 


37405 







Co-tif.e. 


umng. 


TangeoL 
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Secant. 


Ml 
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M. 




Sine. 


Co-sine. 


Tang, 


Co-tang. 


Secant. 
10.042721 


Co-secant 


60 


9.62595 


9^5728 


9.66867 


10.33133 


10^7405 


1 


^2622 


9572a 


66900 


33100 


04278 


37378 


59 


2 


62649 


95716 


66933 


. 33067 


04284 


37351 


58 


3 


62676 


95710 


66966 


33034 


04290 


37324 


57 


4 


62703 


95704 


66999 


33001 


04296 


37297 


56 


5 


62730 


95698 


67032 


32968 


04302 


37270 


55 


6 


62757 


95692 


67065 


32935 


04308 


37243 


54 


7 


62784 


95686 


67098 


32902 


04314 


37216 


56 


8 


62811 


95680 


- 67131 


32869 


04320 


37189 


52 


9 
10 


62838 


9iS674 


67163 


32837 


04326 


37162 


$1 

50 


9.62865 


9.95668 


9.67196 


10^2804 


10.04332 


10.37^35 


n 


62892 


95663 


67229 


32771 


04337 


37108 


49 


12 


62918 


95657 


67262 


32738 


04343 


37082 


48 


13 


£2945 


95651 


67295 


, 32705 


- 04349 


37055 


47 


14 


62972 


95645 


67327 


32673 


04355 


37028 


46 


15 


62999 


95639 


67360 


32640 


04361 


37001 


45 


16 


63026 


95633 


67393 


32607 


04367 


36974 


44 


17 


63052 


95627 


67426 


^2574 


04373 


36948 


43 


18 


63079 


95621; 


67458 


32542 


04379 


36921 


42 


.19 
20 


63106 


95615 


67491 


32509 


04385. 


36894 


41 

40 


9.^3133 


<& 95609 


9.67524 


10.32476 


10.04391 


10^6867 


21 


63159 


' 95503 


^7556 


32444 


, 04397 


36841 


39 


22 


63186 


955P7 


67589 


32411 


04403 


36814 


38 


23 


63213 


95591 


67622 


32378 


. 04409 


36787 


37 


24 


03239 


955S5 


6r654' 


32346 


04415 


36761 


36 


25 


63266 


95579 


67687 


32313 


04421 


36734 


35 


26 


63292 


95S73 


67719 


32281, 


04427 


36708 


34 


27 


63319 


95567 


67752 


32248 


04433. 


S6681 


s:^ 


28 


63345 


95561 


67785 


32215 


04439 


36655 


32 


29 


6S372 


95555 


67817 


32183 


04445 


> 36628 


31 
30 


30 


9;632i98 


9.95^49 


9^7850 


10.32150 


10.04451 


10.36602 


31 


63425 


95543 


. 67882 


32118 


04457 


86575 


29 


32 


634S1 


95537 


67915 


32085 


04463 


36549 


28 


33 


63478 


95S31 


67947 


32053 


04469 


36522 


27 


.34 


63504 


95525 


«7980 


S2020 


04475 


36496 


26 


35 


63531 


95519 


68012 


> 3l988i 


,04481 


36469 


25 


36 


63557 


95513 


68044 


31956 


04487 


36443 


24 


S7 


J53583 


95507 


68077 


31923 


04493 


36417 


23 


38 


63610 


95500 


68109 


31891 


04500 


36390 


22 


39 
40 


63636 


95494 
9.95488^ 


68142 


31858 


04506 


36364 


21 

20 


9.636f)2 


968174 


10^1826 


10.0451J 


10.36338 


41 


63689 


95482 


68206 


31794 


04518 


363U 


19 


43 


63715 


95476 


68239 


51761 


04524 


36285 18 ] 


43 


63741 


'95470 


6827J 


31729 


04530 


36259 


17 


44 


63767 


95464 


68303 


31697 


045.36 


36233 


16 


45 


63794 


95458 


68336 


31664 


04542 


36206 


15 


46 


63820 


95452 


6^368 


31633 


04548 


36180 


14 


47 


63846 


95446 


. 68400 


31600 


64554 


36154 


13 


48 


63872 


95440 


68432 


31568 


04560 


36128 


12 


49 


63898 


95434 


68465 
9.68497 


31535 


04566 


36102 


11 
10 


50 


-^.63924, 


9.95427 


10.31503 


10.04573 


10.36076 


51 


63950 


95421 


68529 


31471 


\ 04579 


36050 


9 


52 


63976 


95415 


68561 


31439 


04585 


36024 


8 


53 


64002 


' 95409 


68593 


31407 


04591 


35998 


7 


54 


64028 


95403 


68626 


31374 


04597 


35972 


6 


55 


64054 


95397 


68658 


31342 


04603 


3594^ 


5 


56 


64080 


95391 


68690 


31310 


04609 


35920 


4 


57 


64106 


95384 


68722 


31278= 


04616 


35894 


3 


58 


64132 


95378 


68754 


31246' 


04622 


35868 


2 


59 


6415a 


95372 


68786 


31214 


04628 


35842 


1 


60 


.64184 
Co-sine. 


95366 


68818 


31182 


04634 


3^816 



M. 


Sine.' 


Co-tang 


Tangent. 


Co-fiecani 


SecaAt 
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"^ 


9ine 


<i<wnn<». 


T.n^. 


Co-t^K- 


Secant. 


Cosecant, 






9.64184 


9.95366 


9.68818 


10.31182 


10,04634 


10.35816 


-60" 




1 


64210 


9S360 


68850 


31150 


04640 


35790 


59 




2 


64236 


9S354 




31118 


04646 


33764 


58 




3 


64363 


95348 


68914 


31086 


04632 


35738 


57 




4 


64388 


95341 


68946 


31054 


04659 


35712 


56 




5 


64313 


95333 


68978 


31032 


04665 


356H7 


55 




6 


54339 


95339 


69010 


30990 


04671 


35661 


54 




•r 


64365 


93333 


69042 


30958 


04677 


3563S 


S3 




8 


64391 


95317 


69074 


30926 


04683 


33609 


52 




9 

to 


64417 


9S310 

-555304 


69106 


■ 30894 


04690 


35583 


SI 

-50- 




9.64443 


9.69138 


lOiSOSS 


10.04696 


10,35558 




11 


64468 


93298 


69170 


30830 


04702 


35532 


49 




IS 


64494 


95392 


69202 


30798 


04708 


35505 


48 




13 


64519 


95286 


69234 


30766 


04714 


3S481 


47 




14 


6454S 


95279 


69366 


30734 


04731 


35435 


46 




15 


64571 


93273 


69298 


30703 


04737 


35429 


45 




16 


64596 


952<^'7 


69339 


30671 


04733 


35404 


44 




17 


64623 


95;?61 


69361 


30639 


04739 


33378 


43 




18 


64647 


952S4 


69393 


30607 


04746 


35353 


42 




19 


64673 


93248 


69435 


30575 


04732 


33327 


4t 




"30- 


9.6;6^8 


9,95243 


969457 


10 30543 


10.04758 


10.35303 


"M 




31 


647,4 


95236 


69483 


30513 


(H764 


35276 


39 




22 


64749 


95229 


695;M 


30480 


O477I 


35251 


38 




33 


64775 


95 '23 


69552 


30448 


04777 


35225 


37 




24 


64300 


95217 


69584 


30416 


04783 


35200 


36 




25 


64826 


95211 


69615 


■3038S 
36353 


04789 


3S174 


35 




26 


64851 


95204 


69647 


04796 


3SI49 


34 




37 


64877 


95198 


69679 


30321 
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77101 


22899 


06490 


29389 


27 


34 


70633 


93502 


77130 


22870 


06498 


29367 


26 


35 


70654 


934^5 


77159 


92841 


06505 


29346 


25 


36 


70675 


93487 


77188 


22812 


06513 


29325 


24 


37 


70697 


93480 


77217 


22783 


06520 


29303 


23 


38 


70718 


93472 


77246 


22754 


06528 


29282 


162 


39 
40 


70739 


93465 


77274 


22726 


06535 


29261 


21 
20" 


9.70761 


9.93457 


9.77303 


10.22697 


10.06543 


10.292 


41 


70782 


93450 


77332 


22668 


► 06550 


29218 


19 


42 


70803 


93442 


77361 


22639 


06558 


29197 


18 


43 


70824 


93435 


77390 


22610 


06565 


29175 


17 


44 


70846 


93427 


77418 


22582 


06573 


29154 


16 


45 


70867 


93420 


77447 


22553 


06580 


29133 


15 


46 


70888 


93412 


77476 


22524 


06588 


29112 


14 


47 


70909 


93405 


77505 


22495 


06595 


29091 


13 


48 


70931 


93397 


•77533 


22467 


06603 


29069 


12 


49 
50 


70952 


93.390 


77562 


22438 


06610 


29048 


11 


9.70973 


9.93382 


9.77591 


10.22409 


10.06618 


10.29027 


51 


70994 


93375 


77619 


22381 


06625 


29006 


9 


52 


71015 


93367 


77648 


22352 


06633 


28985 


8 


53 


71036 


93360 


77677 


22323 


06640 


2«964 


7 


54 


71058 


93352 


77706 


22294 


06648 


28942 


6 


55 


71079 


93344 


77734 


22266 


06656 


28921 


5 


66 


71100 


93337 


77763 


22537 


q6663 


28900 


• 4- 


57 


71121 


93329 


77791 


22209 


06671 


28879 


3 


58 


71142 


' 93322 


77820 


22180 


06678 


28858 


2 


59 


7U63 


93314 


77849 


22151 


06686 


28837 


1 


60 


71184 

Co-sine. 


93307 


77877 


22123 


06693 


28816 







Sine. 


Co-tang-. 


Tangent. 


Co-secant 


.Secant 


MJ 
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M 




1 
2 
3 
4 
5 
6 
7 
8 

10 
11 
12 
13 
14 
15 
Ife 
17 
18 
19 



20 
21 
2-i 
23 
24 
25 
26 
27 
28 
29 



30 
31 
32 
33 
34 
35 
36 

^ 

39 



40 
41 
42 
43 
44 
45 
46 
47 
48 
49 



50 
51 

52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



9.71184 
71205 
71226 
71247 
71268 
71289 
71310 
71331 
71352 
71373 



9.71393 
71414 
71435 
71456 
71477 
71498 
71519 
71539 
71560 
71581 

9.71(152 
71622 
71643 
716641 
71685 
71705 
71726 
71747 
71767 
71788 



9.71809 
71829 
71850 
71870 
71891 
71911 
71932 
71952 
71973 
71994 



Co«sine. [T angent 



972014 
72034 
72055 
7^075 
72096 
72116 
72137 
72157 
72177 
72198 

9.72218 
72238 
72259 
72279 
72299 
72320 
72340 
72360' 
72381 
72401 
72421 



Co-sine. 



993307 
93299 
93291 
93284 
93276 
93269 
93261 
93253 
93246 
93238 



9.93230 
93223 
93215 
93207 
93200 
93192 
93184 
93177 
93169 
93161 



9.93154 
93146 
93138 
93131 
93123 
93115 
93108 
93100 
93092 
93084 



9.93077 
93069 
93061 
93053 
93046 

93038 
93030 
93022 
93014 
93007 



9.92999 
92991 
92983 
92976 
92968 
92960- 
92952 

. 92944 
92936 

. 92929 



9,9 -'921 
9291:5 
'92905 < 
92897' 
9.^889 
92881 
92874 
92866 
92858 
92850 
92842 



Sine. 



9.79877 
79906 
79935 
79963 
79992 
78020 
yfi049 
78077 
78106 
78135 



9.78163 
78192 
78220 
78249 
7^277 
78306 
78334 
783631 
78391 
78419 



9.78448 
78476 
78505 
78533 
78562 
78590 
78618 
78647 
78675 
78704 



9.78732 
78760 
78789 
78817 
78845 
78874 
78902 
78930 
78959 
78987 



9.79015 
79043 
79072 
79100 
79128 
79156 
79185 
79213 
79241 
79269 



9.79 '97 
79326 
79354 
79382 
79410 
79438 
79466 
79495 
79523 
79551 
79579 



Co-Umg. 



Co-tahg, 



10.22123 
22094 
22065 
22037 
22008 
21980 
21951 
21923 
21894 

21865 

10.2i837 
21808 
21780 
21751 
21723 
21694 
21666 
21637 
21609 
21581 \ 



10^21552 
21524 
21495 
21467 
21438 
21410 
21382 
21353 
21325 
21296 



10.21268 
21240 
21211 
21183 
21155 
21126 
21098 
21070 
21041 
2lul3 



10.20985 
20957 
20928 
20900 
20872 
20844 
20815 
20787 
. 20759 
20731 



10.20703 
2J674 
20646 
20618 
20590 
20562 
20534 
20505 
20477 
20449 
20421 



Tangent. 



Secant. IGo-secant 



10.06693 


10.28816 


06701 


28795 


06709 


28774 


06716 


28753 


06724 


98732 


06731 


28711 


06739 


28690 


06747 


28669 


06754 


28648 


06762 


28627 


10.06770 


10.28607 


06777 


28586 


06785 


28565 


06793 


28544 


06800 


28523 


06808 


28502 


06816 


28481 


06823 


28461 


06831 


28440 


06839 


28419 


10.06846 


10.28398 


06854 


28378 


06862 


28357 


06869 


28336 


06877 


28315 


06885 


28295 


06893 


28274 


06900 


28253 


069U8 


28233 


06916. 


28212 


10.06923 


10.28191 


06931, 


28171 


06939 


28150 


06947 


28130 


06954 


28109 


06962 


28089 


06970 


28068 


06978 


28048 


069b6, 


28027 


06993 


28007 


10.07001 


10.2/9,86 


07009 


27966 


07017 


27945 


07024 


27925 


oro32 


27904 


07040 


27884 


07048 


27863 


07056 


27343 


07064 


27823 


07071 
10.07079 


27802 


10.27782 


07087 


27762 


07095 


27741 


07103 


27721 


07111 


27701 


07119 


27680 


07126 


27660 


07134 


27640 


07142 


27619 


07150 


27599 


07158 


27579 


Go-secant 


Secant. 




M. 



■A. i»i 



58 Degrees. 



■ .M l, II 0"W 



MMb'.vAmM. 



140 Artificial Sines, Tang, and Sec. 3S ISegrees. 



M. 


Sine. 


CO'Sine. 


Tangent. 


Co-Ung. 


Secant 


Co -secant 


_j 





9.72421 


9.92842 


9.79579 


10.20421 


10.07158 


10.27579 


60 


1 


72441 


92834 


79607 


20393 


07166 


27559 


59 


2 


72461 


92826 


79635 


20365 


07174 


27539 


58 


3 


72482 


92ai8 


• 79663 


20337 


07182 


27518 


57 


4 


72502 


92810 


79691 


20309 


07190 


27498 


56 


5 


72522 


92803 


79719 


20281 


07197 


27478 


55 


6 


72542 


92795 


79747 


20253 


07205 


27458 


54 d 


7 


72562 


92787 


79776 


20224, 


07213 


27438 


53 1 


8 


72582 


92779 


79804 


26196 


07221 


27418 52 \ 


9 


72602 


92771 


79832 


20168 


07229 


27398 


51 
50 


10 


9.72622 


9.92763 


9.79860 


10.20140 


10.07237 


10.27378 


11 


72643 


92755 


79888 


20112 


07245 


27357 


49 


12 


72663 


92747 


79916 


20084 


07253 


27337 


48 


13 


72683 


^2739 


79944 


20056 


07261 


27317 


47 


14 


7^703 


92731 


79972 


20028 


' 07269 


27297 


46 


15 


72723 


92723 


80000 


20000 


072rr 


^277 


45 


16 


72743 


92715 


80028 


19972 


07285 


' 27257 


44 


17 


72763 


92707 


80056 


19944 


07293 


27237 


43 


18 


72783 


92699 


80084 


19916 


07301 


27217 


42 


19 


72803 


92691 
9.92683 


80112 


19888 


07309 


, 27197 


41 

40 


20 


972823 


9.80140 


10.19860 


10.07317 


10.27177 


21 


72843 


92675 


80168 


19832 


07325 


27157 


139 


22 


72863 


92667 


80195 


19805 


07333 


27137 


38 


23 


72883 


92659 


80223 


19777 


07341 


27117 


37 


24 


72902 


92651 


80251 


19749 


07349 


27098 


36 


25 


72922 


92643 


80279 


19721 


07357. 


27078 


35 


26 


72942 


92635 


80307 


19693 


07365 


27058 


34 


2r 


72962 


92627 


80335 


19665 


07373 


27038 


33 


28 


72982 


92619 


80363 


19637 


07381 


27018 


32 


29 
30 


73002 


92611 


80391 


19609 


07389 


26998 


31 

30 


9.73022 


9.92603 


9.80419 


10.19581 


10.07397 


10.26978 


31 


73041 


92595 


80447 


19553 


07405 


26^59 


29 


32 


73061 


92587 


80474 


19526 


07413 


26939 


28 


33 


73081 


92579 


80502 


19498 


07421 


26919 


27 


34 


73101 


92571 


80530 


19470 


07429 


26899 


26 


35 


73121 


92563 


80558 


19442 


07437 


26879 


25 


-36 


73140 


92555 


80586 


- 19414 


07445 


26860 


24 


37 


73160 


92546 


80614 


19386 


07454 


26840 


S3 


38 


73180 


92538 


80642 


19358 


07462 


26820 


22 


39 


73200 


92530 


80669 


19331 


07470 


26800 


21 

20 


40 


9.73219 


9 92522 


9.80697 


10.19303 


10.07478 


10.26781 


41 


73>39 


92514 


80725, 


19275 


07486 


26761 


19 


, 42 


73259 


92506* 


80753 


19247 


07494 


26741 


18 


43 


73278 


92498 


80781 


19219 


07502 


26722 


17 


•44 


73298 


92490 


80808 


19192 


07510 


26702 


16 


45 


73318 


92482 


80836 


19164 


07518 


26682 


15 


46 


73337 


92473 


80864 


19136 


' 0;^527 


26663 


14 


47 


73357 


92465 


80892 


19108 


07335 


26643 


13 


48 


73377 


92457 


80919 


19081 


075i3 


26623 


12 


49 


73396 


92449 


80947 


19053 


07551 


26604 


10 


50 


9.73416 


9.92441 


9.80975 


10.19025 


10.07559 


10.26584 


51 


73435 


92433 


81003 


18997 


07567 


26565 


9 


52 


73455 


92425 


81030 


18970^ 


07575 


• 26545 


8 


53 


73474 


92416 


81058 


18942 


07584 


26526 


7 


54 


73494 


92408, 


81086 


18914 


07592 


26506 


6 


55 


73513^ 


92400 


81113 


18887 


07600 


26487 


5 


56 


73533 


92392 


81141 


18859 


07608 


26467 


4 


57 


73552 


92384 


81169 


18831 


07616 


26448 


3 


38 


73572 


92376 


81196 


18804 


07624 


26428 


2 


59 


73591 


92367 


81224 


18776 


07633 


26409 
26389 

decant. 


1 


60 


73611 


92359 


81252 


18748 


07641 





Co-sine. 


Sine. 


Co-tang. 


Tangent. 


Co-secant 


M. 
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Artificial Sines/ Tang* and Sec. SB Degrees. 141 



M. 




Sine. 
9.73611 


Co-sine. 


Tangent. 


Co-tang. 


9.92359 


9.81252 


10a8748 


1 


73630 


92351 


81279 


18721 


2 


73650 


92343 


81307 


18693 


3 


73669 


92335 


81335 


18665 


4 


73689 


_ 92326 


81362 


18638 


5 


73708 


912318 


81390 


18610 


6, 


73727 


92310 


81418 


18582 


7 


7374>7 


92302 


81445^ 


18555 


8 


7376^ 


92293 


81473 


18527 


9 
10 


73785 


92285 
9.92277 


81500 


18^00 


9.73805 


• 9.81528 


10.18472 


11 


73824 


92269 


81556 


18444 


12 


73843 


92260 


81583 


18417. 


13 


73863 


92252 


ai6ii 


18389 


14 


73882 


92244 


81638 


18362^^ 


15 


' 73901 


92235 


81666 


18334 


16 


73921 


92227 


81693 


18307 


17 


7394Q 


> 92219 


81721 


18279 


18 


73959 


92211 


81748 


18252 


19 
20 


73978 


92202 


81776 


18224 


9 73997 


9.92194 


9.81803 


10.18197 


21 


74017 


92186 


81831 


1B169 


22 


74036 


92177 


81858 


18142 


23 


^ 74055 


92169 


8188$ 


18114 


24 


74074 


92161 


81913 


18087 


25 


74093 


92152 


ai941 


18059 


26 


74113 


92144 


81968 


18032 


27 


74132: 


92136 


81996 


18004 


.28 


74151 


t 92127 
,92119 


82023 


17977 


29 


74170 


82051 


17949 


9.74189 


9.92111 


9^2078 


10.17922 


31 


74208 


92102 


82106 


17894 


32 


74227 


92094 


82133 


17867 


33 


74246 


92086' 


'82161 


17839 


34 


74265 


' 92077 


82188 


17812 


35 


74284 


92069 


82215 


17784^ 


36 


74303 


92060 


82243 


17757 


^7 


^74322 


92052 


82270 


17730 


is 


74341 


92044 


82298 


17702 


39 
40 


74360 
9.74379 


92035 


82325 


. 17675 


9.92027 


19.82352 


10.17648 


41 


74398 


92018 


82380 


17620 


42 


74417 


92010 


82407 


17593 


43 


74436 


92002 


82435 


17565 


44 


74455 


91993 


82462 


17538 


45 


74474 


91985 


82489 


17511 


46 


74493 


91976 


82517 


17483 


47 


74512 


91968 


82544 


17456 


48 


74531 


91959 


82571 


17429 


49 
SO 


74549 
9.74568 


91951 


825?9 


17401 


9.91^42 


9 82626 


10.17374 


51 


74587 


91934 


82653 


17347 


52 


74606 


91925 


82681 


17319 


53 


74625 


' 91917 


82708 


17292 


54 


74644 


91908 


82735 


17265 


55 


74662 


91900 


82762 


17238 


56 


74681 


91891 


82790 


17210 


57 


74700 


91883 


82817 


17183 


58 


74719 


91874 


82844 


17156 


59 


74737 


91866 


82871 


17129 


60 


74756 


91857 


82899 
Cortang. 


17101 


M 


Co-sine. 


Sine. 


Tangent 



10;07641 
07649 
07657 
-07666 
* 07674 
07682 
07690 
07698 
07707 
07715 

10.07ri3 
07731 
07740 
07748 
07756 
67765 
07773 
07781 
07789 
077^8 



10.07806 
07814 
07823 
07831 
07839 
07848 
07856 
07864 
07873 
07881 

10.07889 
07898 
07906 
07914 
07923 
07^1 
07940 
07948 
07956 
07965 



10.07973 
07982 
07990 
07998 
08007 
08015 
08024 
08032 
08041 
08049 



10,08058 
06066 
08075 
08083 
08092 
08100 
08109 
08117 
08126 
08134 
081 43 

Co-aecant 



Co-secant 



10.26389 
26370 
26350 
26331 
36311 
36292 
26273 
26253 
26234 
26215 



10.26195 
26176 
26157 
26137 
26118 
36099 
26079 
26060 
26041 
26022 



1026003 
25983 
25964 
25945 
25926 
25907 
25887 
25868 
35849 
25830 



10.25811 
25792 
25773 
25754 
2573^ 
25716 
25697 
25678 
25659 
25 640 

10.25621 

25602 
25383 
25564 
25545 
25526 
25507 
' 25488 
25469 
25431 



10.25432 
25413 
25394 
25375 
25356 
25338 
25319 
25300 
25281 
25263 
25244 

Secant. 



^. 






60 

59 

58 

57 

56 1 

55 

54 

53 

52 

51 

"5cr 

49 
48 
47 
46 
45 
44 
43 
43 
41 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 

30 
29 
28 
27 
26 
25 i 
24 ] 
23 j 
22 ^ 
2lJ 

20 i 
19 1 
18 i 
17 ■ 

16 1 
iSi 

14 J 

13: 

12 

10 
9 

7 4 
6 1 

4 I 
' 3^ 
2 i 
1 


srj 
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4 


M. 


Sine. ' 


Co-sine. 


Tang. 


Co-tangf. 


Secant. 


Co-secant 









9.74756 


9^1857 


9.82899 


10.17101 


10.08143 


10.25244 


60 


1 


1 


74775 


91849 


83926 


17074 


08151 


25225 


59 




2 


74794 


91840 


82953 


17047 


08160 


25206 


58 




' 3 


74812 


91832 


82980 


17020 


08168 


25188 57 1 
25169 56 i 
25150 $5 I 




4 


74831 


91823 


83008 


16992 


08177 




5 


74850 


91815 


83035 


16965 


08185 




6 


74868 


91806 


83062 


16938 


08194 


25132 


54 




7 


74887 


. 91798 


83089 


, 16911 


08202 


25113 


53 




8 


74906 


91789 


83117 


16883 


08211 


25094 52 I 




9 
10 


74924 
9.74943 


91781 


. 83144 


16856 


08219 


25076 


51 




9.91772 


9.83171 


10.16829 


10.08228 


IQ:250S7 


50 




11 


74961 


91763 


83198 


16802 


08237 


25039 


49 




12 


74980 


91755 


83225 


16775 


08245 


25020 


48 




13 


74999 


91746 


83252 


16748 


08254 


25001 


47 




14 


75017 


9173a 


83280 


16720 


08262 


24983 


46 




15 


75036 


91729 


83307 


16693 


08271 


24964 


45 




16 


75054 


91720 


83334 


16666 


08280 


24946 


44 




17 


75073 


91712 


83361 


16639 


08288 


24927 


43 




18 


75091 


91703 


* 83388 


16612 


08297 


' 24909 


42 




19 
20 


75U0 
9.75128 


91695 


83415 


16585 


08305 


24890 


41 

40 




9 91686 


9.73442 


10.16o58 


10.08314 


10.24872 




21 


75147 
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12825 


17533 


6 


S6 


82481 


87164 


95317 


04683 


12836 


• 17519 


5 


56 


82495 


87153 


95342 


04658 


12847 


17505 


4 


St 


82509 


87141 


95368 


04632 


12859 


17491 


3 


58 


82523 


87130 


95393 


04607 


12870 


17477 


2 


59 


82537 


87119 


95418 


0-^582 


12881 


17463 


1 


60 


to5l 


87107 


• 95444 


04556 


12893 


17449 







Go-fliiie. 


Sine* 


f Co-tang. 


Tangent. 


Co-secant 


Secant. 



^S Degrees. 



IfK) Artificial Sines^ Tang, and See. 4S Begitecfs. 



M. 


Sine. 


Co-sine. 


Tang. 


Co-tan|r. 


Secant. 


Co-secant 







982551 


9.87107 


9.95444 


10.04556 


10.12893 


10.17449 


60 


1 


82565 


87096 


95469 


04531 


12904 


17435 


59 


2 


82579 


87085 


95495 


04505 


12915 


17421 


58 


3 


82593 


-87073 


95520 


04480 


12927 


. 17407 


57 


4 


82607 


87062 


95545 


•4455 


12938 


17393 


56 


5 


82621 


87050 


95571 


04429 


12950 


17S79 


ss 


6 


82635 


87039 


95596 


04404 


12961 


\73SS 


54 


7 


82649 


87028 


95622 


04378 


12972 


17351 


S3> 


8 


82663 


87016 


95647 


04353 


12984 


17337 


52 


9 
16 


82677 
9.82691 i 


87005 


95672 


04328 


12995 


17323 


51 

50 
49 


9.86993 


9.95698 


10.04302 


10.13007 


10.17309 


n 


82705 


86982 


. 95723 


04277 


13018 


17295 


12 


82719 


86970 


^5748 


04252 


13030 


17281 


48 


13 


82733 


86959 


95774 


04226 


13041 


17267 


47 


14 


82747 


86947 


95799 


04201 


13053 


17253 


46 


15 


82761 


86936 


95825 


04175 


13064 


17239 


45 


16 


82775 


86924 


95850 


04150 


13076 


17225 


44 


\7 


82788 


86913 


^5S75 


04125 


13087 


17212 


43 


18 


82802 


86902 


95901 


04099 


13098 


17198 


42 


19^ 
2b 


82816 


"86890 


95926 


04074 


13110 


17184 


41 
40 


9.82830 


S».86879 


9.93952 


10.04048 


10.13121 


10.17170 


21 


82844 


86867 


95977 


04023 


13133 


17156 


39 


22 


82858 


86855 


96002 


03998 


lS145 


17142 


38 


23 


82872 


86844 


96028 


03972 


13156 


17128 


37 


24 


82885 


86832 


96053 


03947 


13168 


17115 


36 


25 


82899 


86821 


96078 


03922 


' 13179 


17101 


3S 


26 


82913 


86809 


96104 


. 03896 


13191 


17087 


34 


27 


82927 


86798 


96129 


03871 


13202 


17073 


33 


28 


62941 


86786 


96155 


03845 


13214 


17059 


32 


29 


82955 


86775 


96180 

9.96205 


03820 


13225 


17045 


31 
30 


9.82968 


9.86763 


10.03795 


10.13237 


10.17032 


31 


82982 


♦ 86752 


96231 


03769 


13248 


17018 


29 


32 


82996 


86740 


96256 


03744 


13260 


17004 


28 


: 33 


83010 


86728 


^ 96281 


03719 


13^^72 


16990 


27 


34 
3S 


83023 


86717 


96307 


03693 


13283 


16977 


26 


83037 


86705 


96332 


03668 


13295 


16963 


25 


36 


83051 


86694 


96357 


03643 


13306 


16949 


24 


3r 


83065 


86682 


96383 


03617 


13318 


16935 


23 


38 


83078 


86670 


96408 


03592 


13330 


16922 


22 


39 
[ 40 


83092 


86659 


96433 


03567 


13341 


16908 


21 


1 
9.83106 


9.86647 


9.90459 


10 03541 


10.13353 


10.16894 


41 


83120 


86635 


96484 


03516 


13365 


168B0 


19^ 


42 


83133 


86624 


96510 


03490 


13376 


16867 


18 


43 


83147 


86612 


96535 


03465 


13388 


16853 


17 


44 


83161 


86600 


96560 


03440 


13400 


16839 


1$ 


45 


a'?174 


86589 


96586 


03414 


13411 


16826 


15 


46 


83188 


m577 


96611 


03389 


13483 


16812 


14 


47 


8S202 


8656^ 


96636 


03364 


13435 


16798 


13 


48 


83215 


86554 


96662 


03338 


13446 


16785 


12 


49 
50 


83229 
9.83242 


86542 
9.86530 


96687 


03313 


13458 


16771 


11 

in 


99671> 


10.03288 


10.13470 


10.16758 


51 


83256 


86518 


. 96738 


03262 


• 13482 


' 16744 


9 


52 


83270 


86507 


96763 


03237 


13493 


167^0 


8 


53 


83283 


86495 


96788 


03212 


13505 


16717 


7 


54 


83297 


86483 


96814 


03186 


13517 


16703 


6 


5S 


83310 


86472 


96839 


03161 


13528 


16690 


5 


5^ 


83324. 


86460 


96864 


03136 


13540 


16676 


4 


57 


83338 


86443 


96890 


03110 


13552 


16662 


3 


58 


83351 


. 86436 


96915 


03085 


13564 


16649 


2 


59 


83365 


86425 


96940 


03060 


13575 


16635 


1 


60 


83378 


86413 


96966 


03034 


13587 


16622 





1 


Co-s'me. 


Sine. 


Co-tang. 


Tang. 


Co-secant 


Secant. M. j 








^7 Di 


agrees* 


"> 







Artttcial Siaes^ Tang, and See. 43 Degrees. . Iffl 



M. Sine. 



9.83378 
, 83392 
83405 
63419 
83432 
83446 
83459 
S3473 
83486 
83500 



9.83513 
83527 
83540 
83554 
83567 

. 83581 
83594 
83608 
83621 
83634 



9.83648 
83661 
83674 
83688 
83701 
83715 
83728 
83741 
83755 
83768 



Co^sine' 



9.83781 
83795 
83808 
83821 
83834 
83848 
83861 
83874 

. 83901 



9.839H 

.85927 

83940 

a)954 
^83967 

.83980 

83993 

84OO6 

84020 

84033 
9.8^6 

84059 

84072 

84085 

84098 

84112 

84125 

84138 

84151 

84164 

84177 

Co*suie. Sine. 



9.86413 
86401 
66389 
^6377 
86366 
86354 
86342 
86330 
86318 
86306 



-r— * 



Tangient. j Ce-ta ng. 



9.86295 
86283 
86271 
86259 
86247 
86235 
86223 
86211 
86200 
86188 



9.86176 
86164 
86152 
86140 
86128 
86116 
86104 
66092 
86080 
86068 



9.860^ 
86044 
86032 
86020 
86008 
85996 
85984 
85972 
85960 

. 85948 



9.85936 
85924 
85912 
85900 
85888 
85876 

.85864 
85851 
85839 
85827 



9.85815 
85803 
^4791 
85779 
85766 
85754 
85742 
85730 
65718 
85706 
85693 



9.96966 i 10.03044 
96991 1 03009 



97016 
97042 
97067 
97092 
' 97118 
97143 
97168 
9719 3 

9.972l5 
97244 
97269 
97295 
97320 
97345 
97371 
97396 
97421 
97447 



94^7472 
• 97497 
97523 
97548 
, 97573 
97598 
97624 
97649 
97674 
97700 



9.97725 
97750 
97776 
97801 
97826 
97851 
97il77 
97902 
97927 
97953 



9.97978 
98003 
96029 
98054 
98079 
98104 
98130 
98155 
98180 
98206 



9.98231 
98256 
98281 
98307, 
98332 
98357 
98383 
98408 
98433 

, 98458 
98484 



02984 
02958 
02933 
02908 
02882 
02857 
02832 
02807 



10.02781 
02756 
O27S1 
02705 
O268O 
02655 
02629 
02604 
02579 
02553 



10.02528 
02503 
02477 
02452 
02427 
02402 
02376 
02351 
02326 
02300 



10.02275 
02250 
02224 
02199 
02174 
02149 
02123 
02098 
02073 
02 047 

15^022 
01997 
01971 
01946 

• 01921 
01896 
01870 
01845 
01820 
01794 



1001769 
- 01744 
01719 
01693 
01668 
01643 
01617 
01592 
01567 
01542 
01516 



Secant 

10.13587 
13599 
13611 
13623 
13634 
13646 
13658 
13670 
13682 
13694 



10.13705 
13717 
13729 
13741 
13753 
33765 
13777 
13789 
13800 

13812 

IO.I3I324 
13836 
13848 
15860 
13872 
1^884 
13896 
13908 
13920 
139 32 

10.13944 
13956 
13968 
13980 
13992 
14004 
I4OI6 
14028 

14040 
14052 



Co-tang. Tangent 



10.14064 
14076 
14088 
14100 
14112 
; 14124 
14136 
14149 
14161 
14173 

10.14185 
14197 
14209 
14221 
14234 
14246 
14258 
14270 
14282 
14294 
14307 



Co-secant 



c© 



-secant 



10.16622 
I66O8 
16594 
16581 
16566 
16554 
16.-541 
16527 
16514 
16 500 

10.16487 
16473 
16460 
16446 
16433 
16419 
16406 
16S92 
16379 

^16366 

10.16352 
16339 
16326 
16S12 
16299 
16285 
16272 
16259 
16245 
162 32 

1036219 
16205 
16192 
36179 
16166 
16152 
16139 
16126 
16113 
16099 



10.16086 
160731 
16060 
16046 
16033 
16020 
16007 
15994 

15980 
15967 



iO.15954 
15941 
15928 
15915 
15902 
15868 
15S75 
15862 
15849 
15836 
15823 



Seeant. 



6U 
59 
58 
57 
56 
55 
54 
5S 
52 
51 

50 
49 
46 
47 
46 
45 
44 
43 
42 

iL 

40 
39 
38 
37 
36 
35 
34 
3.S 
32 
31 

30 
29 
28 
27 
26 
25 
24 
23 
22 
21 



20 
19 
18 
17 
16 
15 
34 
13 
12 
11 



10 
9 
6 
7 
6 
5 
4 
3 
2 
1 




J 



M. 



46 Degrees. 



15S Artificial Sioes, Tang, tad See. 44 I 



M. 


-Sine. 


Co-«ine. 


Tang. 


Co-lanR. 


3ecam. 


Cosecant 







9.S4177 


9.85693 


9.98484 


10.01516 


10.14307 


10.15823 


-60- 


1 


84190 


8S68I 


98509 


01491 


14319 


15810 


59 


2 


84203 


85669 


98534 


01465 


14331 


15797 


SS 


3 


84216 


85657 


98560 


01440 


14343 


15784 


57 


4 


84329 


65645 


gg5S5 


01415 


14355 


15771 


56 


5 


84242 


85632 


98610 


01390 


14368- 


15756 


S5 


« 


84255 


85620 


98635 


01365 


14380 


15745 


54 


7 


84269 


85608 


98661 


01339 


14392 


15731 


53 


8 


84282 


85596 


98686 


01314 


14404 


15718 


52 


9 

To" 


84235 
y.B4:;0H 


85583 


98711 


01289 


14417 


15705 


51 


9.85571 


~9Sm7 


10.01263 


10.14429 


10.15692 


11 


84.".ai 


85559 


98762 


01238 


14441 


15679 


49 


IS- 


»4;.:34 


85547 


98787 


01213 


14454 


15666 


48 


IS 


84 "SW 


85534 


98812 


DU88 


14466 


15653 


47 


14 


84,5an 


85522 


98838 


01162 


14478 


J5640 


46 


IS 


&t37r. 


85ilO 


98863 


01137 


14490 


W62r 


45 


16 


84385 


85497 


98888 


01112 


14503 


15613 


44 


17 


84398 


85485 


98913 


01087 


14515 


13602 


43 


18 


84411 


85473 


98939 


01061 


14527 


35589 


43 


19 


84424 


85460 


98964 


01036 


14540 


15576 


41 


•sr 


9-84437 


9.85448 


9.9898» 


lO.OlOU 


10.14352 


1015563 


■w 


21 


84450 


■ ' 8.5436 


99015 


O098S 


14364 


15550 


39 


22 


84463 


85433 


99040 


00960 


14577 


15537 


38 


23 


84476 


85411 


99065 


00935 


14589 


15524 


37- 


24 


84489 


85399 


99090 


00910 


14601 


15511 


36 


25 


84502 


85386 


99116 


00884 


U6U 


13498 


35 


26 


84515 


85374 


99141 


00859 


14626 


15485 


34 


27 


84528 


85361 


99166 


00834 


14639 


15472 


33 




64540 


85349 


99191 


00809 


14651 


15*60 


32 


29 
-30" 


64553 


85337 


99217 
P.9924a 


00783 


14663 


15447 


31 
30 


9.64566 


9,85324 


10,00758 


10.14676 


10.13434 


31 


84579 


85312 


99257 


- 00733 


14688 


15421 


29 


32 


84593 


85299 


99303 


00707 


14701 


15408 




33 


84605 


85287 


99318 


00682 


14713 


13395 




34 


84618 


85274 


99343 


00637 


U736 


15382 


26 


35 


84630 




99368 


00632 


14738 


15370 


35 


36 


84643 


85250 


99394 


00606 


14750 


15357 


24 


37 


84656 


85237 


99419 


005tfl 


14763 


1S344 


23 


38 


84669 


85225 


99444 


00536 


14775 


15331 


22 




84682 
"'9.84694 


85212 


99499 


00531 


14788 


15318 


21 
-20- 


9.8S2O0 


9,99495 


10.00505 


10.14800 


10.15306 


41 


84707 


85187 


99520 


00480 


14313 


15293 


19 


42 


84720 


85175 


99545 


00455 


14825 


15280 


18 


45 


84733 


85162 


99570 


00430 


14838 


. 15267 


17 


44 


84745 


85150 


99596 


O04O4 


14850 


15255 


16 


45 


84738 


8SI37 


99621 


00379 


14863 


15242 


IS 


46 


84771 


85125 


99646 


00354 


14875 


15229 


14 


47 


84784 


85112 


99672 


00328 


14838 


15216 


13 


48 


84796 


85100 


99697 


00303 


14900 


15204 


12 


49 


84809 
9.84832 


850B7 
9.85074 


99722 


00278 


14913 


15191 


11 


9.99747 


10.00233 


10.14926 


101^8 


51 


84835 


8S062 


99773 


00227 


14938 


1516S 


9 


i2 


84847 


85049 


99798 


00202 


14951 


15153 


8 


53 


84860 


65037 


99823 


00177 


14963 


15140 


7 


54 


84875 


65024 


99848 


00152 


14976 


15127 


6 


5S 


84885 


65012 


99874 


00126 


14988 


151IS 


5 


56 


84898 


64999 


99899 


OOlOl 


15001 


15102 


4 


57 


84911 


84986 


99924 


00076 


15014 


15089 


3 


A8 


84923 


84974 


99949 
99975 


00051 


15026 


1»77 


3 


59 


84936 


84961 


00025 


15039 


15064 


] 


60 


84949 


84949 


10.00000 


lOXWOOO 


15052 


15051 





COH.W. 


Sine. 


Co-tatiE. 


Taiig;...!;, 


Ck..9ecant 


Secant. 



45 Degrees. 
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Plate 2. 
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Plate. 7. 
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Plate 8. 
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